



Tbis document U to be read only by those personnel officially indoctrinated in accordance with com« 
munication intelliKeaoe security regulations and authorized to receive the information reported berein. 



l O F 5JS0HET OAiroa Oeuui - l t y Infoi - Htatlon 




CRYPimrALYTIO MAOHiraS IN NSA 



/ 






NSA-34 
30 May 1963 
Wheatley, LeRoy H. 



The first Inetallment Is con^lete on the Joh of writing a 
brief description of all analytic machinery in the Agency, 
whether past, present or projected. It Includes 61 equipments, 

* * V 

and later installments will add approximately 160 more machines, 
plus photographs of many of the equipmente. To this will he added 
a table of contents and index by the time the project is coji^leted. 
Correotlons, additions and comments are invited.' 
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This ie the first Installment of a collection' of timd.Dhiinery 
descriptions which will ultimately be a complete’ ifpj 'cx-fflall crypt- ' 
ajialytic machines built by and for the National Agency or 

its predecessors. The purpose is to provide a brief set pf intro- 
ductory facta about each machine, and provide the analyst iJ\th a 
starting point for learning any machine. 

Since these initial espositions are tentative, the reader iS 

j * 

invited to inform Roy WifeMley, ext. 537 at MS, of any errors or 
omissions noted. In limited detail, the descriptions give the name, 
nature, purpose, originv.if^ction, size, speed, location, and status 

of all equipments v/hefcher past, present or currently projected, plus 

!• ' ' ' ' 

any further Information considered! important enou^ to be included. 

' , !• ' 

Plans call for a complete TabjLe of Contents, Index, and Glossary 

I 

. of Terms when the task is finally concluded. Logically, many minor 

! I 

' I I 

gadgets and. siirqile constructions are excluded for convenience and 
, clarity, but everything considered interesting or significant is 
i Included. ■ Their status, location and number, even their function may 

I 

and do change, so the date of 'publications must be ta' :en as a guide 
in these respects. 

Numbering and naming of machines has not always been adequate, 
so almost every system of designation found, such as the BuShips 
and CX" list. Array's comparable ”j!VX and AFSAF” list, local Naval 
"N and NO" list, etc., have been included to best insure against 
ambiguity. 
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CBYPTAMALYTIC MACHZliOIS IN MSA 

Most orjrptanalyais rjeduees to coimtlngy comparing, rewriting, 
and referring. Each of these operations hy itself is slgqple and 
easily done hy the proper type of machinery. When there is need 
to do them in oomhinatlons , or especially if a choice of methods 
mnat he made, mechanization is not so siii 9 >le, Por soma operations 
-advantages of machines is evident. Some steps can he done faster, 

t 

more accnrately, and with hotter organization hy machine. Iheoretl'- 
cally with enou^ men and enough tine anything a machine can do could 
he done hy hand. But to do certain very routine computations, such 
as that done hy SUPERSGRITCHER, hy means of a crew of thousands of 
people would raise tremendous personnel prohlems, so that it might 
he InQioselhle to actually carry thie^out. The old Joke about solving 
a, slnqple substitution hy a crew of 26 factorial ‘Chinamen is no more 
than a Joke. 

pi;actically all cryptanalysis, >hothi by* the. Navynaqd 
the Army, was done hy hand. About that time the possibilities of 
accounting equipment, such as IBM (international Business Ifachines) 
and Powers, was realized and some was procured for experimental use. 

It was a success, and |>ver a period of years many special techniques, 
unorthodox for accounting, were developed, some requiring modifica- 
tions of the machines. Many special devices o^-gates were developed 

I 

to do specialized analytic devices, the first of vhldlTWaf called 

SJQMOr 0M039 
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the G£EWHIZZ£R and applied to columnar transposition systems. 

Vannevar Bush of Massachusetts Institute of Technology, under- 
took to develop a special machine for cryptanalysis. With the aid 
of graduate assistants this was done and the machine was shipped to 
the Navy in Washington in 1941. Later, two of the graduate assist- 
emts came too, John Howard and Lawrence Steiidiardt. John Coombe 
went to the Naval Computing Machine Laboratory in Dayton to build 
BOMBSS. The design of Bush's machine was ambitioue, and provided 

i 

for photoelectric cosipariBonB of two texts for coincidence, mono- 
graphic, dlgraphic, etc., up to nine letter repeats, for special 
patterns and for isomoxrphlc repeats. In operation it proved to be 
slow (it printed for each comparison, no matter how uninteresting) 

and full of "bugs". Some of the functions were abandoned after 

) 

operational and maintenance experience, such as the Isomorphlo re- | 
peat search. At a later time improved models were built, and still 
exist as the 70mm (the tape wit^th) Comparators. They have long 
and useful service. 

The advent of the war in iate 1941 gave great impetus to procur- 
ing mechanical aids for the cryptanalyst. The I.C. KAOHINB was made 
to compare two texts and measure coincidences. It could compare 
texts up to 600 letters long at all offsets in a few seconds, and the 
machine was small enou^ to sit on a desk. In practice it did not 
work this way, however; the device was simple enou^, but the preparar- 
tlon of the text onto photogra^dilc plates was not, so the machines had 
to be operated as a battery near the camera and dark rooms. 

fo™^78i-|osc top 
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Another photographic device, TBSSIE, was started early in 1943* 

It compared texts for repeats. Subsequently the Army developed a 
super photoelectric device, the 5202, OOMPAHATOIi , which had much 
greater capacity and flexibility. These along with others formed a 
distinct series of photoelectric comparators , the last of which was 
AMBEH, completed in 1947. All of these machines, except the last, 
contributed definitely to the prosecution of the war. In recent 
years photoelectric techniques have been used less 'than digital 

I 

electronic. 

The only analytic machines ever built in large quantity were 
the BOMBBS. These were designed in 1942 with advice from the Bi'ltledi. 

I 

The Navy designed a 16-unit model of which 125 copies were made, 
nearly identical. To operate and maintain these around the clock 
took a trained crew of 800 people. The Army built a single machine 
called MADAME X, consisting of 144 units, which could be run as 
several separate machines with smaller numbers of units. It also had 
the advantage of trying the wheel orders in automatic- succession. 
'.These BOMBBS were ueed against the BNIGMA, the cipher machine need by 
ithe (GermEms ,for 90 per cent of their enclidierlng, and consequently 
were of the greatest importance. One estimate by the Navy was that, 
costing less than a cruiser, the BOMBS installation had caused the 
slxiklng of 60 German submarines. The successes against the German 
Army end Air were even more Important. 

The introduction by the Geirmans of new reflectors with unknown 
wiring led to the Invention and construction of several machines, 

TOP 
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called "SCRITCHKRS” , able to do the BOMBE problem without having all 
the enciphering elements. These machines came quite close to being 
digital conQniters and were probably the most ingenious machines 
built during the war. The fundamenta] idea of scrltchlng is cred- 
ited to the British. 

^lAfter the war the comparator series continued to develop. The 
Navy product was GOLIBERO, which was the first machine designed to 
hold its data on a magnetic drum. The Army built CONNIE which used 
punched teletype tape. Both these comparators were Influenced by 
the British war time machines called BOBINSON and COLOSSUS. In fact, 
the name OOLIlBEllG' is an American version of ROBINSON, since the 
cartoonist Rube Goldberg drew weird gadgets Just as Heath-Robinson 
did. From CONNIE was developed the more special ROBIN for making 
round-robins, or all comparisons. The sonic delay line machine BELLA 
uses a new medium, sound waves in mercury, to continue the line. 

Since 1946 there have been three main lines of new developments, 
the exhaustive trial devices, the dictionary machines, and the crypt- 
analytic eon^uters. 

The exhaustive trial devices Include HECATE and WARLOCK. They 
distinguish themselves by having very high operation rates, and by 
being large and working only by exhaustive trials. 

The dictionary machines look up veldts, meanings, etc., in a 
large memory. They are physically large and limited in their abil- 
ities. Their rates of operation are not so fast as HECATE, but are 
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high nevertheless. They started with Navy’s MERCURY (a war time de- 
velopment, long defunct) and Army's SLIDE-RUN NACHINB, and now in- 
clude DEMON I, II, and III, SKATE I and II, and SLED I and II. This 
last can also do such operations as dragging cribs and reading 
depths. 

The computers were inspired by developments at Harvard and the 
University of Pennsylvania. They are extremely flexible, able to do 
almost any logical process by breaking each problem into minute steps I 
As a conse(]uence of the minuteness of the steps some operations are 
not nearly so fast as are some more specialized devices. The machines 
developed at NSA are not copies of standard computers but specially 
designed machines with much more logical flexibility. They are 
ATLAS I and II , ABNER I and NOMAD. 

In retrospect these machines have seemed to create more work then 
they accomplish. In the original planning it was ejq>ected that the 
burden of hand work would be lightened and the need for personnel de- 
creased. '' Although many things formerly impossible are now done, 
r>-there'.'ca:e!ln fact more hand Jobs than before. These require more 
n- analytic' ability, and bring more j^ressure on the people in order to 
make best use of the machines. The reason for this can be seen by an 
example. A dertain process called a "pass” Is needed to solve a 

cr^ptanalytic problem, BOOTSTRAPS. To do this by hand takes several 

: \ 

hundred man hours, valued at nearly $1,000. This is exorbitant, so 
BOOTSTRAPS was deferred in favor of more feasible Jobs. 



« 
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H.<m a aethod of doing a pan. wao derload on oard. eaUpmont., By 
thla «.an, tho coot ,a. approxlaatoly $ 32 . 60 , ^,ao,«ral Inmdred 
p..... w«r. aada. roouU of a oo,p„«c, o^ pa. 0,0 to.the ,»terlal 
froM ahlch oryptanalyot. can procood to a aolutlon. tt. non aothod 

l«l thorofor. to noro work for orn,tanaly.to. Baoh aolntlon opened 
new Jobs to do aa well, ^ 

n«n a program for making a pas. on Amp Beoame operational and 
the oo.t of a j^e Beo««, $ 1 . 26 . ipi. 1 , ,„o^ , 

aTOtlable data wo W ikroijdli the prooeee, making a tromondone JoB 
for cryptanalyet. ( 4 d pl,^ tact). Ihle 1 . th. «iy ««ytio .«ohln- 
ery makes more work the analyst rather than leaa. 
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AOTF-R (Ai’RA.imOO, CXMP) is a photoelectric coirqDarator , similar 
to HYPO, nsing four photoelectric cfells to scan, tv^o superiiinjosed 70mm 
films, apply vreights and coiont coincidences. Two equipments, serial 1 
and 2, v;ere huilt hy Eastmau .Kodak Company for ITavy for depth search 
in JH-37, a Japanese weather system, hut/ arrived too late in 1945 for 
that purpose. The contract also prodinsed tv/o cameras, 5'H x 11 'L x 
5'D (tapered) and two card readers x 9*L x 3*D . A 7’H x 8‘L x 

2'D unit supplies identification ^ata to the camera, A PElTSITOllBTER 
was developed hy Eastman Kodak tq check AMEER film. 

The gate is 160 characters/ deep hy 330 columns v/ide, permitting 
comparison of a large block of/ data at one time. The scanning area 
of the film may he treated as tv/o zones, such as plus and minus. 
Characters are read from cards and photographed as spots of light, 
each v/ith a one to ten density range (0 to 100 per cent transmission 
factor in steps of ten) providing a system of nineteen vreights. The 
machine can he set to find the single best point of coincidence, or 
all points above a pre-set threshold. 

It measures 6'H x 4'L x 4'D and is now at Faval Security 
Station, one in Room 20109 and the other in Room 80210, doing general 
comparison, weighting, coincidence counting and message setting 
against key. The comparison rate is 800 characters per second. 



Ref; lTSA-181 'Library 
Mr. G. Kier 
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The AMBIC DEOIPHERIFG DEVICE (AESAF 45) is o relay-operated 
suhdtit-ution device for decr 7 .>Titinii; messaros in an Arabic digraphic 
substitution svstem complex b.v converting tv'O digits to one Arabic 
letter. The one model was built by ITSA-353 in 1949. 

It consists of a standard digital >‘:e 7 rboaxd for input, a junction 
box to take an 8 x 20 plugboard for substitution, and an electromatic 
typewiter equipped with Arabic key-slugs for output. Two digits of 
cipher are typed on the keyboard, combined into one iit^ulse in the 
plugboard, v/hich is wired according to a particular substitution 

keyi^llst and which operates a corresponding type bar on the typewriter. 

C 

The device proved satisfactory in use, but the feature of re- 
quiring a plugboard wiring for each of a tremendous number of key- 
lists used in the con^ilex of substitution^^ystems 'slowed operation 
drastically. It is stored ctirrently at AHS in Room 2021-A. Operation 
is at typing speed, up to 8 characters per second. Size is best ex- 
pressed by listing the cong)onents: an IBM keyboard, an 8 x 30 junc- 

tion box and an electromatic typewriter. 
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ASP 

The ASP vrae rm Rloctrof.icchnsilc.''] ilcvlco for tlio decr^iptioji of 
call Bl^'ns in certain Ja’naiiese a/atcMs. One imlt »as conqiloted hy 
US>TCML in April 1&44; constnustlon. nf r. second, model ms discontinued 
heenuse of systom clvui£!». 

There were three units to the device: a Isina keyboard for input, 

I ^ 

three separate plugboards (ti;o for 48 kana and one for 10 digits) to 
acconqpllah Bls^le flubBtltutionfi Iqt plusgiogt and a reganesratlon t^e- 
writer for outuut of deelphcrnent . The machine automatically stepped 

» « V 

to the next stocker after a decipherment. . 

It operated for only two or three months before the systems 
changed, and was an ln^rovemont over band methods for handling a 
large traffic volume. Slse was 3'E x 4'L x I'D plus keyboard and 
regen typewriter. It has been dismantled. 
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The AUTOSORITOHIJH, or (GEAPISVimo) ims n relay operated crlh- 
toater-uBed to solve Gerunn BiTlGl-lA. traffic tlirouiili cschnustiye trlnla* 

'T ■ ■ ’ . 

Reqpirins a crilj of about 300-letters imd kaiovm rotor ”irinc. It ex- 
haustively ftsaimod steelcers (end-plate pluixiiufi**) imtll the oo-rrect 
reflector plucgint'j end steelier v/ere found. It was "built hy Arraj’’ in 
1944 and operated until July 1945, v/hen the German pro"blem ended. Zt 

j • 

vras replaced "by the electronic S17ERSCHITCHESR, for which it served as 
a test model. 

\ The menu (pairings of cri"b and cipher letters) was set up on a 
plugboard and an arbitrary steck^r was assumed so as to satisfy the 
first pair of letters. Further ^.ssunptions Included wheel order and 
no SWTO (slow wheel turn over; ij,'e., only fast and medium wheels in- ' 
volved in the movement). Each plugging asstuiQitlon was automatically 
tested through suce'essive pairings until eliminated, the machine 
' sending imptilees' Ijhrov^ the rot^r wirli^igB,, sensing contradictions, 
noo-cont radio tiene and confirmations of exit pointt». letters 

in the menu produced no contradictions the machine stopped, allowing 
hand record of data for further jtestlng. Probability of solution 
was about 70 per cent. . , ■ 

The machine measured F^H x lO'L ;s S'D . Average set-up time 
Vfas 30 minutes, but running time was as much as ten to fourteen, days, 
three shifts a day. I^eed vreis 25 tests per second. Being slow. 
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AUTOSCRITCH-rffi (Gonfe^d^) 

rathor Inflbxiljle and incoiavLentrut for tectiniS maintenance, 



It v/ne dismantled. 
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The B-311 STT3GICER FINDER v/ps n a-i.'ccinl purpose £,*enorn.tor designed 
"by ASA for use in conjtinction with the condenser-type FREAIC (refer 
to M.A.C. Outline #11 ) in statistical* solution of tho stecker of one 



coordinate of the 



B-311 matrix. It was huilt hy ASA 



in 1947. 



The machine had tv/o sets of 35 relays, 





FREAK made a sta- 
tistical tally of the co6^dinates resulting from corahination of 
generated key and fractionat^ed tape. A record of results (in tape 
and print) permitted the operator to select favorable cases. 

Not much use was made of tl;iiB generator, due to failure of FREAK. 
Rate of speed was about 17 minut^^s per message.. It was considerably 
smaller than a typev/riter, and isvnow dismantled. 



Ref: M.A.O. Outline #57 
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The neme GAl-IEL is a phonetic rendering of CHL, the abbreviation 
for OEAEACTBRISTIO MT5SSA&E LOCATOR, wh^ch v/ns n fi-un^t relay gate 
designed to operate with a '*05 TABULATOR In locating Cl (Cryptographic 
Instruction) messages. Those messages contained a conversion sqx^e 
to be used in certain Jap Army systams. It was built by Army's 
P Branch for B Branch, delivered in Pebrtiar^' 19'^5 and is now dis- 
mantled. 

The device was designed to ma'ce use of the fact that the Japanese 

frequently sent a conversion square for a particular period as a 

message. A line of 10 digits, 0 to 9 in some one of its 10! 

(« 3,638,800) permutations, iras represented as* ten four-digit groips. 

f 

The machine deciphered a message using the current square and matched 
resulting plain groups ten at a time against these ten known grotps. 

In the right set of messages ten such seqli^neeB of the ten groups 
would be found. A print of all the plain text was made and an indi- 
cation was given of every hit. 

Average rate was one card every 15 seconds plus print time. It 
measured 7'H x 4'L x 3'D . 
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".’lip GHI'-STI TtPSKRITUR (IDEOGHAPHTG TlPTSURITIiH, aVUr'-OFmT’-'.D 
GiTAa.LC'?' 171 TVl M’.raiCTia) exfvs Etjaisscd chnrpctora uitli no curvocl 
liner rrri no on ejflit level b or more nalns Bpocl.<L set of 

t..'pc rli\;r. Tt ipr huilt "by Inleruntionnl BuBineea Machinea Cozp., 
jn 19^6 naijj t’nc clt^placntlnf; portion of on 063 CAHO-OFIjRaT*?) TTPE- 
\IR1TjSR nncl n iil’u^'boprd. 

A file of cnrcla Ima been developed for all code groupa In tlio 
pyctem fuul tlicir oaulvnlcnt Cliineae character, llatlne the conaccn- 
tive typoi'ritcr fiinctloua and 3cc" atro^Eea remired to "drnu" the 
chrjnctcr. TI-iIb Is ''ccorn^llahed by ernphiiy; each charncter, then 
roducinc the elements in rech ^^repl. 8au''rc to the closoat re.ln,tod 
etroTO. An IB1-! cnrcl 7 a prc^.^rod in rneolnl codinG for each chnrncter 
pud ita clnher to::t code nvorejiSc "0-735 RtroI:eB, pnfl some 

totalln., 65 or ro. A dec'" of thoBo ia rend by the mnehine tlircuG^ o 
plnfibonrd to the 053 diril^e-.tlns wit. Ualnt, ell Bhe t;-pcwltcr 
functlOiiB md n. reecinl eet of *''* 'zoj el’.i».,'B, tlio t..i’evdPiter drewa 
the atyllscd cliprnctcrc renulred by the dee'e. O.i tl:e t.-po bItzg free 
(aiippllcd by IiitorntitlonAl Bua'nrpf K-'chlno fa n Bounn rlphn- 

bet on lover case and ll>e aim I Jib atrolxa ‘for fox'«»inG the Ohinero 

I 

ehoractora on i^per case. 

It isoasnrca 3'E x 5*L x 2'D nnd operntco <» itoiantlcoll^' at n 

rpto of 10 stro>:o8 por aocorj*. It ir atlll me foi \u»r, at 

Arlington Hnll Station in Room 1G05-A. 

Bef: Machine Branch Annual Beport, 1946 
Lt. I. K^Brs 
Hr. J. Fbvers 
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COMIB, (APaAP-l, APaAP-D/lA) is a general piirpose teletype- tape 

, I 

comparator, used for polygraphic coincidence counting, of up to pen- 
tagraph size. Uodel 1 wae esqperimental , leompleted hy kets^ in Octoher 
1949, jjuat after the merger, A contract for an expanded equipment, 
model II, ■ (AI'9AI'-1-1 , now AI'Sj!J'-D/lA, sometimes called the new or 
expanded COBIIIB’), was let to National Union Badio Corporation with an 
e:q>ected delivery date of August 1953. IDA, (APSAP-l-X, or APSAI'-D/SS), 
is a modification of CONNIE and is described under that title* 

Inpiit for both is a hi^-spoed dual tape drive, a pair of photo- 
electric tape readers operating at 5000 charaetersper second. Output 
is to two APSAE-ddr-l DIGIfAL RBC»HDSaS. In the fall of 1961, four 
Bemington Band card readers were also provided for model 1 to hold 

bne stationary card apiece end siqsply a crib or pattern, such as for 

X 

a notched wheel, thus simulating regular wheel motion. .Charaoters 
are scanned, stored electronically and treated cyclically, mailing 
successive matches against text. In general, the machine cotints 
binary coincidences, combines these internally for character coinci- 
dence, and matches totals against a preset threshold. 

CONNIE II will have several inq^rovemento ; a 33 x 83 magnetic 
binary matrix, a criterion generator with a variable threshold prfnt 
control and auxiliary storage unit. It will handle larger numbers at 

a much faster rate and will permit weighting and variable grouping. 

\ 

- 1 - 
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COWIIH I and II (ContM,) 

Model I measuraa 8‘H x 33 *L x 2*D plus the photoelectric 
render input. It is now in use r ’• Arlington Hall Station in Room 
0413-B and has a rate of 5000 comparisons per second. Model II 
will also operate at Arlington Hall, 



Ref: Mr, W, Cole 

Mr, J, Deutsch 
Mr, R, Gordon 
Miss M. Hbhhs 
Mr. J. May 
Mr, J. Powers 
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CONNIE I 
AFSAF X 

with two AFSAF 44 VW JATOM 
DIGITAL RECORDERS (left) for output 
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COFFEBHMD (iO'SAF-94t CSOr» OXPO) is a releqr^operated photo- 
electric eonqparator for locatliig double group repeats at e<]pal 
Interval In two cli>her oessages by comparing the messages on 70mm 
tape at all Juxtapositions. Xhls Is In effect a depth* seardh. Four 
were built for ZTavy by Ibtlonal Oadi Beglster Oo*. the first In 
1944. Also, four punches were built. Models II through 7 were 
planned but never materialised. A TAFB OHBOm (see Oil paper 32) 
was developed In 1944 to Improve tape accuracy. , 

OJp to 250 cljdier messages are punched Into a pair of opaque 
70mm plastic tapes by means of a 70mm tape punch (considered a part 
of the machine but actually separate) at an average rate of 40 mes- 
sages per hour. A whole group la punched per frame using binary 
code which requires fl^e of the twenty-six tape levels for eahh 

digit. Xhe two tapes being matched are eomplementfecry to one another, 

1 • 
so that a hit appears as a blackout to two of the 100 pUotosleotrih 

J 

Cell's. A hit stops the machine for manual recording. 

^ i 

I 

j COnP[E!BHSA]) I Is faster and scans a wider q>an than the BABT 
BBUXB VORCfi 12B71GB or SESSIS II' (100 groups simultaneously versur 
IBM's 17 groups and XSSSIB's 20 groups). It Is currently In use at 
Baval Security Station In Boom 4L52 and measores 9'H x 6'L x 8'0 , 
plus a small llape punch. The machine operates at 4000 frames per 
second. 

Baft Brief Descriptions of BAN Bqulpment 
on 11, 33, 24, 41, 42, 94 
M. A. 0. Outline #14 

Wr. J. Stapleton aa emren ^. 
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OOUKIEE^S (iIFS^'I|/l3) la to 1)6 a limited purpose group-I.G. 
device to do a round ro1>ln 'eearch for monogratdilo throng penta^ 
graphic colncldenooB either adjacent or split vp In any or all 
phaeesi. Xhe one model ordered was cons>leted In 1952 hy NSA-354. 
'FlaiiJ'for' a G05NTESS II (suh-project 351-487-53) were dropped vhcn 
It t/as found that modifications could he congileted In 1953 to pro- 
Tl(fo all the features desired. It Is one of the FEIINCBSS eqiolpmentSf ■ 
oonparlng over a wider than usual span of text, = 1024 eharadtors, 
A 517 BBFSODUGER PUNCH operating at 40 to 50 cards per minute, 

60 characters per card or a hi^-speed teletype te^e reader at 100 
characters per second is the input. CSiaraeters are Inserted suc- 
cessively Into a 5-place A-register and also onto a magnetic drum 
which feeds all preceding characters to a 5-place B-reglster. The 
drum holds 3^^ s 1024 characters, the contents of 17 IBM cards, and 
at each revolution feeds all the chareusters It then holds throu^ 
the B-regUlter idiere they are coiapared electronically with the con- 
tents of the A-reglater. Ihrou^ plugging, search can he made for 
any coincidence, up to pentagraidilo length in any phase. It calculates 
the statistic ^ . Hits are wired to one or more of .10 

decade counters which are flexibly inter connectahle hy plugging, each 
having sepeu:ate presettahle thresholds.' VIhen a counter threidiold Is 
exceeded, the machine stops and another 517 RESPB.0DUGBB. punches as 



COHPIBMIIiar 
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COUimiGS (Oont’dJ 

nan 7 as SO Idesitlficatlon characters, the contents of tho 10 covut^r-i 
and an Indication of which counter caused the hit. Sits end hlcnl's 
are alloired for and the drum automatically limits tho length of te::t 
oeceptahle to 1034, causing a pundi-out and starting a new cyde, 
whenover the capacity is exceeded. Zhere are plans to provide mcono 
of making lengths of text as low as 100 Oharaoters cause a punch-out. 

Sise is: 8'H x S6'L x 3*0 plus two 517 FlUirGHSS and a tape 

reader. Drum spoed is 7200 revolutions per minute, resulting In up 
to 135,000 comparisons per second. It will operate at Arlington ITall 
Station. 



w 



Bef: 




Ur, V, Grogan 
lir. J. Hyduke 
Ur. J. Powers 
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I^ELIA (APSA.F D/51-1 an<J -2) is an electronic round robin com- 
parator using sonic, delay lines to match data from magnetic tapei at 
a megacycle pulse rate. It counts character or variable group hits 
and lists or punchns indications of all matches which exceed a pre- , 
determined value. Two equipment vere ordered from Technitrol Engineer- 
ing Oo., of Philadelphia. The first operational model was delivered 
July 1952. A second is due by July. 1953. In generali EESLLA is de- 
signed to do a round robin comparisons of 1000 messages of various 
lengths up to 1000 characters each in about 17 hours of machine tlVne. 

Originally designed for round robin search only, later changes 
have made possible isoraor}-»hic sctrrch and mixed monograph-digraph hit 
counts ns v'ell as matching groups betv/een tapes (not within tapes) If 
so desired. InJjut is by two or four magnetic tapes as in ABHER. 
Eormally, one half of the me s sedges are put on one tape, and half on 
the other. Pulsing is at megacycle rate resulting in el^t tex ten 
million con^arisons per second. Sixty-four mercury delay lines (half 
the number hut Identical v/lth those in AENEH) provide the acoustic 
storage. Oonqjarlson circuits and c^ounters are provided for 64 offeete 
simultaneously. Group length is variable and machine operation is 
asynchronous, controlled by signals to indicate completion of various 
steps, sequences, etc. Length and scoring of hits is flexible and 
easily controlled by switches. Output is to punched tape, and perhaps 
eventually to an AESAP 44-1 Printer. Physical units include: lleraory, 





8lxty>-four counters, timing, control, 4 Baytheon~t3npe magnetic tape 
Inputs, a tape punch output and p ver st^ly. Its size as 7'H x 
16'L X 8'D , plus a motor and a generator unit. It has ^st con^leted 
Its Initial teste at Naval Security Station In Boom 4050 ualng paper 
tapes. 
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DUCEBiSS 

t 

DUCHESS (APSAJ-Dea) wlll'b©^^ I'groupl 10" -device "which dlfferencee 
two sequences of 300 characters each at flush, st^.^i testing the re- 
sult for gronp Tepeats. Part of the Princess project, the set of 

I 

devices designated as "high speed 8tatlsti|;sal placode diagnostic ‘ 
equipment", it is to he the. uLtimate eq;iUpment for which OODITTBSS and 
MISTRESS and OOITSORT (the group-tO attachment to SIJBD) are interim 
devices. T\iro models are conten^lated, hut lio full contract has yet 
heen let, although International Dhsiness Machine Coiporation has 
already constructed input i outpirt and dlfferSnCer units,. ' Delivery 
was planned for 1953. 

' Using a number of m^^etie drums, DUCHESS stores 1000 sequences 
>qf^300 digits each and matches each sequence flush with another 
sifflflar set of sequence strips, searching for group repeats in the 
result. The test ■used is the group 10 test, i and i« 

applied to four and five-digit groups. 

Outstanding feature of the machine is Its huge rate of speed, - 
all pairings of 1000 magnetic strips, or 1 million matches in an hour. 
Size has not yet heen determined. It will he located at AES. 



i 

I 

1 
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WAPWiUBtt OOMPAHATOR . 

33XPAKIH3D CUMPABATCtH {M'SAF-27) was a jphotoeleetrlo cos^arator, 
an enlarged weralon of the VOirdn (XjmPARATOR designed to match two tapeo^, 

e 

or films in search of variuuu coincidenees. ilogon laboratories built 
the one model in 1950 for Army as an experimental model to tost a . 
method of making comparisons. 'JChe eleotronio circuitry worked pro- 
perly but some of the mechanicel features vers unsatisfactory. 

!Hie device recognized and counted checraeters or groins of pat- 
tern coincidences, using ointa-y electronic counters and twelve plu^ 
gable recognition units, it could, be plugged to Indicate when a 
threshold had been exceeded, could do vel^tlng, or divide the field 
of viewing into sub-fields for hl^-low comparisons. A photoelectric 
cell scanned each of 272 possible spots (16 levels by 17 frames In 
the gate at one time). Two or three films or tapes. ea6h \xp to 200 
frames long, were placed i»t ihe gate and the fast film was pulled by 
at a rate of 1000 fx-umea ttocond. Output was to (l) a matrix of 
neon li^ts indicating vls»Mi ly which of the 272 photoelectric cells 
was receiving light, to s ^tiUlt-'ln recording device vhldh gave a 
prlnt-out at user's option on facsimile paper, or to (s) an applique 
unit built to record decimally the totals In the binary electronic 
counters. 

Never Intended for operational use, it has been dismentled. 

There were -four major liia largest measuring x 6'D ; 

nmaTttiOTiiB - 



RESTRICTED 



imSTILIOTED ^ ■■ . 

MPmSSD COHFAELATQR (Cont*d.) 

the other three together aeasuriog 7'H x 6'L x 3'1) , plus power 
siq^ly aad a email applique printer unit* Bate of con^arlaon ^ras 
effeotively 272*000 Individual con^arlaone or 1000 matrix ooc^rlcone 
per second. 



Bef: ItPm B. Fleming 

Hiss H. Hohha 
Mr. J. Baiedi 
Mr. S. Snyder 
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ITRSAIC I 

The nUSAK (AE'SAF>24. HULTXPLB ITQEQUMGI G0UNT3B, later called 
XHBAB; I, mgT.AY SBSAE or OOHSEHSEE to dietlngoish it from the 

MiEiCTBOlfIC I!BSAK vhloh superceded It ) was a relay operated l^quency 
counter. It used condensers for storage of totals, to make mono- 
graidilc and dlgraphlo counts of digital or literal text, handling 
vg;> to 32 character alphabets. One model was built by Ajmsy in late 
1943. It proved to be unreliable and was dismantled'. The B>211 

I 

STSCKBR 7IF12BR was designed to operate in conjunction with ITilSAE but 
saw little usage due to the counters erratic xierformEuice. 

It consisted of two tape readers, a bank of relays, 32 x 32 or 
1024 sets of seven condensers each, a scanning circuit, and en 
electromatic typewriter. The machine distributed successive dlgrajdiB 
read from two tapes to the proper set of condensers. A ring circuit 
automatically distributed text for a monogrcQ>hic distribution. The 
device also evaluated H. , for each distribution. 

I • 

' It consisted of five rel^ racks and measured 9'H x 8'L x 2'D 
plus two tape readers for input and a regeneration typeTcrlter for 

I 

. I 

output. Bate of operation was 6 characters per second and, final 
recording took 14 minutes for a full width of 32. Its major uoo was 
on EAGBLXB problems and for <^lic distribution. 



Bef: M.A.C. Outline #11 

Hr. J. Bussell 
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iTsoa (XFsxr-sSt B-aii GRismAaoEK, jEsaaBOBBaaB) is an 
electronic mesaage setter for solving traffic from a stral^t- 
plugged (at the top) 5-211 cipher machine. It was designed and 
couple ted hy NSAr-352 on 1 July 1950. Original plans called for 
one engineering model and one operational model. Serial 1. a hread- 
hoard model, proved q.uite efficient and Is etill In uee. Serial 2 
Is under study hy 5SAf-85B. Ihere are plans to contract soon for its . 

construction, with delivery expected in September 1953, Xhe name, 

/ 

XBOQ- was only recently applied to the madhine when plans for Serial 2 

were Initiated and has since been ajplled to both. 

A marlBium crib of 30 letters Is rejireeeated as a 20- card deck, 

» 

usually by drawing one pre-punehed 3x6 card per fractionated letter 
of crib, Xach card contains coded pmehes In a 30 x 5 jnatrix. SEhe 
20 levels provide for the combined minimum cycle of a 16 and 10 wheel. 
She five positions Iji the vertical dimension provide for the' five 
columns of the Internet. 5-211 fractionating square. fEhis plain text 

I 

deck and a cipher ts^ tape are fed into the machine which goee 
throu^ the full cycle, testing all motlonc and turnover possibilities. 



at tile same time dheoljlng for bottom stacker at every setting. 

A crib can be tested in all positions of a 500 letter message in 



about 6 or 7 hours. 33ie machine measures 6'H x 12'L x I'D (S frames, 
incorporating a ring of 30 ’thyratron tubes). Serial .1 is located at 

I 

I 

i&HS in Hoorn 0414r-5. 



Bof: Mj?. J. Gocliran 
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GfflEimiZZEE I - IV 



The OEBV/HIZZER (.AF3AF-112, ELECmOMECHMAaHAKMER ) is a weighting 
device used with a 405 or 407 TABULATOR to slide a stretch of cipher 
text (originally 10, later IS and then 16 letters) against the rest 
of the message, selecting and svunining weights according to th« re- 
sulting digraphs. Four models wore built auccesslvely. The first, 
in 1941, was merely a set of rotary switches in ‘a small box and was 
probably the first IBM relay gate. The second was a set of wire con- 
tact relays mounted in a 60 x 34 plugboard cover. The third, of 
heavier construction, was a 3'H x 2'L x 3'D gate, moTinted separately 
to avoid vibration. The fourth or NEW GEBWHIZZER, often erroneously 
called Model II, is real,ly Model IV. It is electronic, supercedes the 
first three and has additional functions. 

In operation, the particular set of letters chosen, usually the 
first of text, are plugged on a 405 or 407 TABULATOR and the cipher 



message read from cards (from t^pe or cards in Model IV) together 

j 

with associated seta of log wei^ta of each particular letter, con- 

( 

I 

sidered both as initial and fin|.l half of a digraph. These ;\reighta, 
0 throu^ 9, and later 00 throng 50, are totalled and listed, while 

I * 

all totals above a preset , threshold are wired to print in a separate 

I 

column to facilitate locating the best answer. Model IV has a 
32 X 32 pluggable electronic matrix, can do Fourier weighting and 
is currently at v/ork sotting moasages in a special case of B-211 
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GEBVmZZER I - IV (Cont'd.) 

usage where five v/heels and a part of the indicator are known, , 

The tiny first model is still in storage at Arlington Hall 
Station in Room 1501-A. The second and third have "been dismantled* 
The latest device is 4*H x 4*L x 2*D and has a speed of 2 or 3 
cards per second. Location is at Arlington Hall Station in Room 
1600-A. 



Ref: M,A, C, Outline #1 

Mrs. ■ D. Blum 
Mr, J. Powers 
I'lr. S, Thorne 
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aREEN ANALOG 

The GREEN ANALOG is a relay device for completely reproducing 
any function of the Japanese GREEN machine, a 6-wheel cipher device, 
never used operationally. The analog was "built by E Branch, of 
Army, completed in February 1946, after World War II ended, and de- 
livered to the museum. 

Input is by keyboard or tape reader head, and output is to a 
teletype page printer or tape punch. The 25-point rotors and their 
conplox stepping were simulated by relays. Although rotor wiring 
was fixed in the two captured converters, fotir 8 x 20 plugboards 
allowed for changes. The system used 45 plain text characters and 
100 cipher text digraphs, including variants. 

The analog measured ,6'H x 5'L x 2’D plus a page printer, key- 
boar^ tape reader head euid p\mch. The GREEN converter itself was 
portable, typewriter size,' and never came in for much use. The 
analog is still in the museum, in NSA-18, stored in the attic of 
Building 20 at Naval Security Station. 



I 




Ref: NSA-354B files 

Mr. D. Dribin 
Ifr. F, Mayol 
I'lr. 3. Snyder 



TOP r— Ti-lrp Q 



NATIONAL SECURITY AGENCY 



'•"/j.'rS"' TOP SECRET CANOE 



'•t 1 JL X XVXJX ^ A 



m 3.3(h)(2) 
W86-36/50 



May 1953 



86-36/50 use 3605 



HAGSLIH MESSAGB S13TTER 



The HAfflBLIlT MESSAGE SETTEJR (AESAF-38) is a relay operated wheel- 
setting device which 



Two' units were "built "by 

Army, the first, by WDGAS-74, was delivered 29 October 1949, and>^the 
second (AESAP-SSA), by NSA-354B, on 15 December 1950. ^ere are plans 
for a third equipment to replace the now worn out first unit. In such 
a machine. 

There are four major components, a storage portion consisting of 
relays and condensers, a cocqparlson circuit for matching key and 
cipher text, a maze circuit which interprets the comparisons by phases 
and a control circuit which checks for required conditions and controls 
the machine accordingly. In operation. 




signs. Counters show the digits of key in the machine. Means is 




EQ 3.3(h)(2) 

PL 86^36/50 use 3605 



HAGlilLIM MESSAGE SETTER (Cont‘d.) 



p^'oylded for stoppine. In unit II there are provisions for 

six choices 

Unit I, a tahle-top apparatus, ineasurps one cuhic yard plus tape 
reader. Unit II measures 6'H x 2'L x . Both units are still in 
Room 3208-A at Arlington Fall Station, hut the older one is unused. 
Tests are made at a rate of 6 to 10 characters per second. 



fLof: KSA-354B 

Hiss B. (Biurdi 
MX. B. Christopher 
Hr. W. Cole 
Hr. f« G. Hayol 
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EO 3.3(h)(2) 

PL 86-36/50 use 3605 



provided for atopplng. In unit II there are provisions for 

six choices 

Unit I, a tahle-top apparatus, measprps one cubic yard plus tape 
reader. Unit II measures 6'H x E'L x 2tp . Both units are still in 
Hoorn 3308-A at Arlington Fall Station, hut the older one is unused. 
Tests are made at a rate of 6 to 10 characters per . second. 



: HSAp. 3543 ?lle 
Miss B« Q^mrdh 
ifr, N. Ghrlstopher 
Nr. ¥. Oola 
Kr. 7. 0. HsyDl 
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JTiYGBLIlT PABITT STHEii-i GHSTEH/iTOR 



The HAGIJLi:: PABITT STREAM ffTOimTOfR (APSAP-4G) is a rainy 
operated table-top key generator vhlch 



Application .la to the HAGELin G-38 and similar machine's. 
It was bnilt 'by Army and dellTored on 7iB Pebruary 1860. 




nnd output Is s^^lled either directly as an 
Input to the HAGELIIT I!ESSAGS SETXESt and/or to a tape ptmoh. Wheel 
starting positions are set tqj by push buttons. LanQ>s Indicate th6 
wheel positions at all times. 

The derlce la a table-top model and ensures 3'H x S'L x 3'D, . 
Bate of operation Is 6 to 8 characters per second. It Is curreAtly 
In use at Arlington Rail Station In Boom 3308-A, in conjunction with 
the HAGSLIliT I03SSAGE SliiTTEB.' 



Bof i TO/A 13 

lTa%-35^ Piles 
Hr. B. Ghrlstopbscr 
P. V-vol 



NATIONAL SECURITY AGENCY 






REF ID:A60928 




‘A 



EO 3.3(h)(2) 

PL 86-36/50 use 3605 



t’jySLln P.\RITY STHE.\M GaJBRiVTOR 
I loft) AFS.’iF 46 

and " fTfr 

K.\G;13uI» ?tSSS.\0B S3TTIia ,f 2 |^r 

H.\G'iI.IN 

•T33T DETICS 

A?SAF 38.1 i 




k' - 



EO 3.3(h)(2) 
k 86-36/50 use 3605 



Hay 1953 



hsoaxii 



bBCAOSI (iTSAV-gi, CXDD or HAOBLIN (XlBlSEUaiC!l9El) la a tpeciftl 
poise speed eleotronle crilidragger for solvLttjg %ype HdOSiilXT 

meaeagee la/ eadiaastlTe trials. Tiro eqialpnenta, '9erlel 1 and 3, vere 
Imllt for Nary Iqr Bn^neering Research Aasbcllateav part of 
Remington Rand, the first delivered 1 i^ll Il9^ and the second on 
16 Hay I960. A SATXR is used with each as auxiliary equipment to 

The name HAG-BLIH GRIBlSAaaBa vas 

\ 

recently applied t^ the subproject 351-4L1, and the term EBQASB tc 
351-4I1-61 to be soj^e the sul^ojeet corere the full cribdragger 

S 

field and not a specific eqjoipment. 

The machine la g^eral requires 




keys. At a hit, the mai^ne stops to permit hand reoosrdlxig of aadh 
possible vlndov setting It finds .\ Pour brief teste\ott a SATZE will 
establish the idieel pattern and setting of the two extruded wheels . 
whose patterns are usually known. 

Both models are now in operation at Naval Secnrlty Station in 

\ 

Boon 30103. Bimenslons of the tape unit 6'H x 4‘L x 3'D ; and 
of the analytic section, 6'H x 17'L x 3'B . Operation is at the rate 







HBGA![E (Cont'd.) 



of 75,000 trials per second, each window setting being tested In 
about fourteen microseconds. 



Hef ! TO/A - 17 

HSA-3033 riles 
Mr. D. Bogan 
Mr. J. Bte^leton 
Mr. L. bheatla 7 



REF ID : A60928 





AFSAF n 




LAtMr & li/ Li IV iir 1 V3 AJoLX/ilr 

Thli doeiiiBHit !■ to ba nod only by thooo ponoBnal "n«rf«iiy Indoetrinatad In aaeocdanea With eoni* 
mualenUon l n tii l l ia «iwii ooearlty ncoUtlou and luthoil^^ neeim tbejn^nnatlon npoiM taarabi. 






inUtloni and authoiland to neeiiic tbe infannatlo 



14ay 1953 



HELLCA.T I 



FCELLOAT I (originally EUOiH? for SLSOTROITIC KS'|^ UnsSTSR, and also 
called MA.TTHFW, JR., DEP 59, APSAP-D/59) is a deslc-s!^ deciphering 
device and key tester, relay operated, with provision jf^r np to 36 
mixed alphabets. It Is a general pTirpose version of DMD, >^d in. some 

. '.A N* 

fvinctions resembles I4A.!I!TEE>f -more than it does HELLCAT II. one 

model ordered v/as built by JTSA?-354B for lTSA-33 and vreis deliverScl 
February 1953. 

■ I 

T/hen a set-up sv/ltch.is throvm, up to 30 letters of key or 

* ! I ' 

text may be entered in the relay memory via a ring circuit which acts 

as a counter and a storage; .control'. . Given 36 random alphabets of 

i 

26 letters each, set' up on a 34 x 60 plugboard, the machine applies 

I i I * 

assumed key or plain against ‘cipher and derives possible plain or key. 

Is , 

Outjmt is to a regeneration t^spewriter. The ring circuit position, 

1 ! > 

and therefore the particular flphabet and key being used, is sltown 
by lights. . I ' 

It is 3'H X 6'L X IIB , ideslgned to fit under the overhang of 

I 

an executive-type desk. Opertj.tlon rate is 6 to 8 characters per 

I 

second. Alphabetic and numerical substitution is pos* Ible. It is 
now located at Arlington Hall Station in Room 3533-A. 



Rtf: TO/A 8/60 
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HIGH- SPEED mETYPB TAPE HEADER 



The HIGH-SPEED TELETYPE TAPE READER (AFSAP-D/eS or CHADLESS TAPE 
READER) Is a hl^ speed, mechaolcol telotj^e tape reader. TCnnn gh 
unassemhled parte and reading-head aseemblles (the noreL^ element) to 
permit HSA-35 to assemble twenty-nine of these reader>>/fVW^P 0 oeiTed 

I 

i 

from Teletype Corporation in Hay- 1953, Derelopment- by>N8A!^ of a 
pair of essperlmental .CHADipi^S-READBElS, one 

meohBnloal and the other pl^p^oelectric and, pneumatlo (The PALLY HEADER), 

I 

was discontinued idien thia-i^dwl was introduced. 

Its fonotlon is simply, to read data from Chadless (or non- 
Ghadless) tape at higher speeds than earlier devices, and will be used 

as Input to numerous eqpipmffifktB. 

■ * 

Bate of operation le(J(!'i;9^il00 oharaotera per aeoond up to 340 
\^waoters per aeoond. Xta.aise «AM&e tiny, 6”B x 6"L x 6*D • 
The^readera are being .j^t to uae in various leoatlona. 



Heft Mr. R, Bronder 
Mr. J. Deutaoh 
lb>. J. Buasell 
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ICKY Z, (TIBlKAaR^ II or GXSL, called TBSSIS Atmy persoimel), . 
was a general purpose 35mm photoelectric comparator and tetragraph 
tester hullt for Navy hy Eastman Kodak Co., In 1943. A total of 
three units was hullt, the first two being delivered to Havy and 
Anqy respectively in October and November 1943. It replaced XBSSIB S3, 
Navy's original tetragraph tests and is superceded by Army's TBSSIB II 
(AFSAF-11). I 

Xhe four original camaras were small and simple (about 25 pounds), 
merely transferring data from punched tape to 35mm film, BBDIEB I, 
developed by Eastman Kodak Co., and received in June 1944, provided a 
greater concentration of information on the film and cooplloated 
identification data. It measured 4'H x 3'L x 6'D ' and was never use^ 
operationally. Two new and more flexible cameras, BRUTE II, Serial 1 
and 3 (M.A,C, Outline ^0), were delivered in March and Hay 1948, 

Each is a double camera and esgposes film at a rate of over 6 efiaracters 
per second from oaxds, or 10 charsusters per second from tape. Size is 
5>E X 3'L X 9'D . 

The machine compared two films on which literal or numerical 
text was represented as clear rectangulw spots In a field 30 levels 
deep together with Ideutiflcation data. The search was for either 
polygi^aphlo repeats or high I.C. Throng a gate 35 characters wide, 
the films were autoioatioally ooBpared, one held in place and the 
other drawn past at 3500 firames per second. The "slow" film was moved 

CONFIDENTIAL J SQBglDBH Tfar 
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iqp^'feis' many aa oO >franea at the end of each pass hy the "fast" 
lAien the proper number or pattern of letters was founds a neon ll^t 
flashed and the machine stopped to permit a hesid record of the 
▼Isually r^resonted data. 

Size of the madhlne was 4'H x 2'L x 2'D and rate was 3500 
oong>arlsons per second. It was modified by Eastman Kodak Oo. , la 
1948, but was still' ebnsldersd tuirellable and so was dismantled. 

4rmy* a Variation of this derloe, built In 1945 Is oedled TBSSIB II 
or AFSAB-ll, Plans fcrx* an lOEK II (CHIR) were drawn up then aban- 
doned. 

Q ■ 



) 
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IDA, (from Isomorphic Depth Analysis, AFSAJP-l-X, GOMIZ-l'-Z, 
DEF-52, ATSAP-D/52) is essentially a stripped-down CONNIE, a special 
purpose electronic tape comparator for isomorphic i>attem search. 

The AYE-AYE ( AFSAF-D52/10 , XFN), the associated tape punch for pat- 
ternlzlng tape, was completed hy NSA-224 in June 1950. The first 
hreadhoard model IDA was ready shortly thereafter, and the second, 
an operational model, was finished In 1961. 

The machine counts monographic coincidences of Isomorphic re- 
peats orer a span of 10 to 12 characters. Two pattemlEsd loop 
tapes are read hy a pair of photoelectric readers at 6000 charac- 
ters per second. AYE-AYE uses' 3 frames on the pattern tape to in- 
dicate the location of each repeat found in the preceding 12 charac- 
ters of text. It considers a particular character and punches a 

I 

hole In level 1 to 5 of tlie first frame if a repeat is found in 
the first five preceding characters; In level 1 to 6 of the 
second frame, for a repeat fodnd in the sixth throng the tenth 
preceding characters. Shese are pluggable. The character Itself 
is punched into the third fraito. Addition of 1, 2, or 3 characters 
to one tape causes a precession of corresponding step-slse between 
tapes. Ea(di result is in the form of a confirmation or conflict. 

These are wel^ted and summed. All totals over a preset threshold 
are recorded on a 617 BEFSODUCEE PUNCH. 

Size of the comparator is 7'E x 6'L x 2'D plus two tape readers 
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5'H * 4'L X n'D onch nnd SIT^PTHTOH. IM is now in opornti'on at 
Arlington HAll Station In Boom 0411-Bl Oonq'inrlcon frl'ina on an 
average imlr of tapes Is five to twonty mlnuVes.. 



Bef: Mr. W. Cole 

Ml SB H. HoIiIib 
Hr. T. Mc&tilre 
Mr. J. Powers 
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LOCG'Em.O; 



IPIV3A14 (lIAHTIPI ryclled 'bac':i.'nrd) uas a rolpy ctnnloj of tho 

mAPrmncA. 



type. It W. 1 S built by JTpvy la lP-^8 fron a cnnnibnlisod 7IPBR to 
pnrre no a conipnnlon i.iachlae to liABIIlTI vMch It corroletely dupll- 
ontes except tbnt It Ime a bpc^wtird stepping ferture.' Its purpoee 
van to exploit n fund of knowledge about oeBsage endlnge. 

The mnehino automatl colly followed la reveree the prescribed 
key c; c.lc and rule ^f motion, stopping at ambiguous points to permit 
the operator to choodp which path It should take. Xrequent use was 
made of It ns a handteiiter. Input was by tape or keyboard; output 
was to a regeneration t:lbort.>rlter. 

Slse was the samo psifor MA.BHPIITI, 6>H x 4>L x 4'D and rate 
was six to eight characters ^er second. It has been dlsmaatled. 



Bafi Hr. H, Oenpalgne 
Mr, V, Bbllcroft 
Mr. J. Stapleton 
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JHA SSCIFIQIltING MAGHIHH! 



Ihe JMA was a relay-operated deciphering device, deriving Its 
luune from the Jap Military Attache system it was hullt to attack. 
Originally designed to perform a process equivalent to sliding alpha- 
bet strips to find the proper substitution alphabets according to 
running key, later modification permitted deciphering by any of 36 
unrelated alphabets. It was built by Army In 1942 and repleused l^y 
KATIHBW. 

Xhe machine Is best tmderstood when visualised as a 26 x 26 
square where an electric typewriter operated to select a letter wired 
to the left margin (usually according to cipher text) while a synchro- 

I 

nlsed tape-stepper selected a letter (from running or eyolio key) 
wired to the top of the square. The value found at the Intersection - 

i 

I 

of such a row- and -column selection was determined as a certain 
value according to a plugboard wiring. IDius the machine added any 
given key value to a corresponding cli^er value and gave a prede- 
termined answer. 

It handled a 26 character alphabet, used a double tape reader 
for Input and regeneration typewriter and/or tape punch for output. 

By reversing the role of key and plain or of key and cipher, the JMA 
could perform enciphering and be used for placement or test purposes. 
It operated at typist speed and has been dismantled. The 26 x 26 
matrix was housed in a dolly 3'H z 4'L x 8'1) with teletype 
tape reader, IBM keyboard and regeneration typewriter. 



Reft U.A.C. Outline 

Mr. S. Snyder 
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The term J-SQUAIiE designates a family of 23 equipments whose 
hasic function was code doclpherment and rocogaitlon. To those proh- 
ahly should he added the three LIMI005D SELECTORS and the two CORE 



RECOONITION UEITS, iU.1 units were huilt hy Anqy's E Branch, now 
NSA^354B, and operated in conjunction with an lEH 405 OiABULATOR or 
a 517 PBIl-SENSINa PUNCH. Ohe 32 x 32 ALPHABETIC SUBSTITUTION UNIT 
(S'H X 6'L X 3'R) was huilt hy E Branch in 1947 as a logical exten- 
sion of the 10 X 10 numerical J-SCjRABE UNITS, and is still in use 
at Arlington Hall Station in Boom 1700-A. 

In general, these devices simulated a 10 x 10 Jap Army cipher 
sqjoare and operated to strip probable additive from a given number 
of cipher text groups, matching the resulting possible plain groups 
against a list of hl^ frequency groups set up on a plugboard. It 
printed and/or punched any recognized groups, together with appro- 



priate collateral notations. All operated at tabulator or tape punch 
speed, 80 or 100 cards per minute. A listing of equipments, with 
dates and dimensions is attached. They are all dismantled. 
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LDM 



The LDtl (LOiraiTUDIlTAJ. SlFFEHENCIira tl&GHIllE) wns tx tnpe dlf- 
feroncer conRl8tln,<; of nn IBM tnpo rc.*'der (SIGTOT) modified to road 
either one or two tnpca. Uepd in connnetlon with n small relay 'unl'<, 
It could difference on modulus 3 either conReoutlva Baudot choracterR 
in one tnpo or chnrncters fma two tapos. It vne built by Army 
Security Agency 1n 194^ for teleprinter cipher systems such as TUNBT. 

The modified re-uler timelnting one or t\fO tapes was connected 
to a relay unit. In the unit were three neto of five relays, eaoh 
corresponding to the fix'e bnuds in the characters. Two sets were 
operated ftoni tho rendor \-hon t\ro tapes were bolng read, with the 
third set eoTsmlng tlie other nets. Tho third sot was operated by 
the combination of the two and in turn oporated a regeneration type- 
writer and/or punch an desired, \fhen onl;' one tape was being read, 
the third set of relays controlled tlxo nltomnte switching of ohar- 

s 

acters to the first and encond sot. Output of the first relay set 

* 

at eaoh step wan tho difference of the two clinracters being held. 

Ordinary 5-lrvol tape was used, at a speed of 10 ohnracters per 
second. Besults were accxu*atc, '^a.Rter than by hand, and oould be 
e^^ressed in print, in tape, or in both. It has been dismantled. 
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LIMITED SELECTOR 



The LIMITED SELECTOR (and TRANSFER ATTAGHMEHT) wafl a code recog- 
nition and decipherina device uned ns an aide in v/orkl)\y additive 
depths. The first model had It marked 'the start of a large family of 
deciphering devices, incliidin;, a, 11 the SELECTORS, the CODE RICCOGIIITIOIT 
IR'TIT and all of the J-SO.UARE devices. Three LIMITED SELECTORS were 
"built hy Array's E Branch, with delivery dates of 24 December 1943, 

4 February 1944, and EG Fcbru.ary 1944. 

The first model received fom' consecutive cipher groups from the 
TABULATOR, stripped off key and sent the resulting possible plain 
groups back to be printed if it recognized, among them one of the high 
frequency groups set up on 3 plu^ibo.ard pajiels. Models 2 and 3 con- 
tained an 8 X 20 plugboard and. .additive groups plugged on it were 
'^^i;4pped from cipher text (received, from the TABITLATOR four groups at 
a tim^). Also, th.e GO x 34 plugboards were the removable slide 
ty}3G, not fixed a.s in the first model. 

The first model v/a,s G'H x 5'L x 2’D , the plugboard being 
mounted out from t}ie. side of the tv-o frames. Doth of the .later models 
measured G'H x 7'L x 2'D and iiun.mted the T>anels between the two 
frames. All operated with a. 405 TABULATOR at 80 cards per minute. 

A LIMITED SELIJCTOR TR/iFSFER ATTAGH14EHT (4'H x 2'L x 3'D) was 
completed on 3 Aug;ust 1944, providing a relay uirit for transferring 
480 leads to the LIMITED SELECTOR, thus permitting the code recognition 
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tinlt to scan two sets of code groups. All are now dismantled. 
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HAISIB (iffSAF 074) la a megaetlo oar4 file and Iook>-^p der-iee, ' 
a general purpose decoder of smaller oapaolfy than was planned for 
EATY, a similar equipment. Qiree models are Tielng 1»llt liy Inter- 
national Business Ifeohlne Goxp . , two for HSA and pne for ASA. Xhe 
first Is oonpleted and Being tested, with delivery due In June 1953. 

Capacity of the two magnetic drums in tand^n* is hhout S45.000 
<diaraoters, or 511 tracks of 480 characters each. !Chls amounts to 
five to ten thousand code groups and meanings. Beudi ten td seventy 

I 

characters in length. Input and output Is a 407 SAB0LA3IQR idili^ 
reads up to ten 6-charac|tw code groups from a card, prints eadh 
and, via electronic look-Up circuits, finds and supplies for print- 
ing purposes the corresponding meanings from the drums. 

Slse of .MAISIS la 's'E x 6'L z 4*D , plus 407 lEABCLASOR. whlhh 
prints 150 lines per minute. It will he located at -Arlington Hall 
Station, Boom 1600-A. 



B4fl Mr. J, OeutsCh 
Kr. S. nemlng 
Hr, J, Ibwers 
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MAMBA 



HAMBA, (GXLT) was a message setting device which coitQjarod 

I 

digital Information, setting enciphered code or additive hy recogni- 
tion of plain code. Two were hullt for Navy by National Gash 
Begister Go,, and delivered on 15 December 1944, arriving after the 
specific problem had died. 

Input was by specially coded IBM cards* Numerical key data, 

usually + , 0 or - wel^ts, was placed in fixed reading positions, 

while cipher in axiother IBM card deck was moved throTi^ a reading 

gate slide- run fashion, one position at a time, and compared. The 

"scanning” feature of the code (even division by three of code groups) 

was the test being made. The message tested was usually known to be 

on a partictilar additive page. Beading of eljdier was done by 2400 

bruidiee (lO digits in 80 columns in three cards), which could make 

contact throu^ the reading head onlj^' through jjunched holes. The 

device also had a wel^t summing arrangement ^ich in effect totalled 

« 

the number of olroults ooa^leted and stopped the madhine when a pre- 
set threshold was exceeded, Beoording of hits was done manually. 

Original Intended to be a deskslsed sinpllfl cation similar to 
OOBPEBHEAD, it measured 5'H x 3'L x 3'D and tested four positions 
per second, or one cayd per minute. Later devices mads it obsolete, 
so it was dlsmentled. 
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mRTINI 3.3(h)(2) 

PL 86-36/50 use 3605 



IfAHTIlII (XFiF) wa8 a l*'avy relay analog; for LOlT&FIiiliLOV/, the 

and congjarahle in function to 

the Armj'-ig taIT A’.IAL0&. It was huilt hy llavy (Lt. Kilham's project) 
In 1948 from parts cannl'ballzed from FYIEHQU. INITBAM was a compan- 
ion machine A/hlch stepped In reverse throuf^ the key cycle In order 
to exploit weaknessea In messace endings. 

The machine was tape fed and simulated with relays the action 




and MAHTINI and 



lUITRAM were accordingly retired. 



Wheel patterns had to he loiown, hut wheel plugging (selection of 
the two wheels to he read) could he found hy trial apd ej^rcr. The 
machine, now dismantled, measured 6'H x 4'L x 4ID . Bate of opera- 
tion was 6 to 8 characters per second. 

Ref: Dr. H. Can^algno 
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T'c 5P0ID, I ftnfl II 



■'cSrOTn, (ATSi.F-D7S) nnnloGOUa to Favy's O'lIAlICT, la pji elec- 
tronic crosa 'products sum conouter. Ifodol !• In 'brend.'bonrdL form, 
wsa l)uilt b;' FSA-Z61C In Ausuat 1950. KeSFOTO II, an operational 
model, is duetto be con.tloted in April 1953. In June 1951, an elec- 
tronic BII^ART-HEillAliT GOHYZ^RGnBR \w doal/pied and Incorporated into 
VoSUOTD I and 3K70 n printed record on a reseneration typewriter. 

'* The con V EEtlJW . war incorporated into IIcSliOIB I and waa also used in 

I 

reyerae aa liq}ut to ABDiS, Ccrinl 1. 

McSlTOTD*a function la to coripnte and sum the croaa produota of 
two sets of digital vnluoa fed in on tape at about SOO characters 
per second by a mod if loci d.ouble h.endcd AJSAF-25 BEAT3SR, !Ehe machine 
recognises plus nr.d nlnua n.'T.tbcr8. Output circuit to the COITTErQeSR 
Is through a 3^ - Zn plugboard. Fifteen binary digits are ex- 
pressed aa five decimal nunbnra for print-^t, originally by a re- 
generation tj'pewrlter, and In'.cr by an If-10 I'layy B0II5B FBIFXER. 

Slse la 5'H x d'L r A'B . IIcSFOTD I, already diemontled 
operated at ton digits oer,aec)nH; :rod.cl II, located, at Arlington Knll 
Station in Boon OS^-B, onerotes nt 100 uroducta per second. The 
EIItAHT-IJTOlT 00?T:3OT?H neasurao 6«H x n«L x J?'D , and le piaaed at 

_ 200 KO por second. 
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MBROUay 



MERCUBY (cam, FULL SELECTOR IffiVIOB) waD the Navy countorpart 

1 

of the Army SLIDS-HUM machine, a relay-operated group-- scoring device 
for placing oiessagos against key in additive-enciphered digital code 
systems. Essentially it was a 10,000 group catalog with provision 
for assignment of weights (O to 19) to each group. The one model 
"built dated from June 1945 and was designed for research into wei^t- 
ing methods. It was later expanded from 4 to 5 digit, plus a 100,000 
group catalog "by effectively building 10 such machines in tandem. 

The device was relay operated and consisted of an 077 COLLATOR 
for card input, a selector and wei^ting unit, an electronic adding 
machine and storage unit. An electronic ring counter was used in 
totaling weights. Data was supplied one group per card (originally 
four-digit only) and the COLLATOR selected all cards whose total of 
wei^^ts exceeded a preset threshold. In effect, NEKGURY dragged 
cipher against additive, made a weighted frequency count of resulting 
possible plain, matched the overall total against a threshold and 
selected a deck of cards containing all "hits" which exceeded It. 

V/hen no key was knovm, an attack based on wei^ting and matching of 
cipher difforenCDs (of two messages in depth) with code group dif- 
ferences was possible. The machine was also capable of a GEEVfHIZZ37l 
type iicago against transpositioJi systems where digraphs shov/ed t;uX- 
ficient frequency variation to be statistically significant. 




, iT?nriT’ftTnTO 






MERCURY (Oont'dJ 

The original four-digit model was ’l7*H x 14'L x 2'D , plus 
COLLATOR. VIhen it was expandedT^'o aeconLodate five-digit^ additional 
additive racks were attached, in effebt ])rod».olng ten fovtP-digit 
MBROlffiYS In tandem. The equipment then iook most of a room, 

measuring ahgqit 7'H x 40*L x 3’D • ' It operated at four cards per 

5 

second. 
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MIKE 

MIJCB tOjttCi, NOR DIGRAfS COURTER) was a versatile monograph, and 
digraph counter, replaced in July 1949 by ALCAKIAZ, a faster, Mggor 
and more flesdhle counter » !I?he contract was let to Rational Cash 
Register in October 1943 and delivery was made to Raval Commimications 
Annex" in April 1944* 

(The machine was basically two units. One was an 8' x 8' 
counter board containing 52 "visual" counters with 999 capacity for 
row-colTimn totals, and 676 dial counters with 50 capacity for digrkph 
counting. OThe other unit was a double-headed reader and associated 
pltigboard. A single Impulse from each of two standard tapes is fed 
from the reader to a matrix, combined into a digraph and sent to 
(1) a particular dial counter and (2) the two associated Veeder 
counters for row and column totals. Results were read visually from 
the board and copied by hand. Plans to use a 70mm camera to photo- 
graph the counters were never carried through. 

The device replaced manual counting and a slow "MATTHEVf M-26" 

\ 

run, handling up to 26 x 26 separate scores. Army Security Agency's 
CORDSNSER PREAK was more flexible and faster, but not so dependable 
as MIKE, Eight characters per second was the rate, and size was 
6'H X 7'L X 2'D plus two 8* x 8' counter boards. 
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MISTRESS 

MISTRESS (APSAE-DVSA) is a special purpose repeat search device,, 
a relay gate used in conjunction with a modified 407 TABULATOR, The 
purpose is to find messages with a significant numhor of group re- 
peats, as in the case of accidentally unenciphered code message. 

One model was huilt by NSA-224, and began operating in June 1952. 

The device reads 120 characters from cards, (24 pentagraphs or 
30 tetragraphs) and treating one half at a time* intermatches every . 
group to find repeats, 78 comparisons are made in about one second 
and the TABULATOR prints a line of twelve pentagraphs or fifteen 
tetragraphs after each set of matches. In addition, a marginal digit 
showing the number of repeats found in the line printed, Wei^t- 
ing of hits (0-9 ) is done by plugboard and blank group hits are dis- 
counted in this manner. The message print is a by-product. 

The device measures 3'H x 3'L x 3'D and is used by NSAr-23 at 
Arlington Hall Station in Room 1600-A, It is designed to consider 
text as \f€'';ragraphs automat leal j.y while penvagre.;:. Ic matching must 
be set up by plugboard. Listing raze is 75 cards :er m-^nutcr or two 
TABULATOR card cycles per ti»s-.. 
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M-8 



The M-8 (AFSAF-108, XBL) is a deciphering device "built on a con- 
verted 3S0M (SIfiABA) frame, a"ble to simulate MIG-MA wheel stepping and 
used chiefly as an analog for higher than hand speed decryption and 
cryptanalytic testing. Starting in 1943, about thirteen such equip- 
ments were built, varying a good deal as to type. It replaces the 
so-called PAPSR MACHINE!, a set of cardboard strips in slots in a 

cardboard frame for tracing circuits and reproducing wheel motion. 

1 

The device uses regular two-sided SNIGrMA wheels; some con be 

tape operated. The widest usage is to assist work on the BOMBS or 

other special machines. Many were incorporated in larger equipments 

such as HYPO, for example, to produce SNICMA key as needed. 

Its size is negligible, slightly over I'H x I'L x 1*D ; it 

usually operates at tape reader speed, 6 to 8 characters per second 
* 

and is found in various locations and sections, three at Arlington 
Hall Station in Room 2050-A. 
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KCR DIFS'SRENGING Ci^CULATOR 

The NCR DIPFEBENCING CALCULATOR (APSAP-llS, ADDITIVE GALOULATOR, 
jeep) la a desjc-top device built in quantity in 1942 by National 
Cash Register .Con^any for Navy, and in the following year for Army, 
used either for stripping probable additive ftom cipher groups in 
depth in search of hi^ frequency code groups, or to difference such 
groups in depth to find probable relative additive. Two, now obso- 
lete, were operated by hand, but most are motor driven and perform 
non-carrying addition or subtraction on 5-digit or .^m^ller groups 
for up to twenty groups in depth. 

Each calculator has twenty rows of five windows and into each 

t 

row a pentagraph or shorter group may be set. Any additive or minu- 
end may be tried against this column of groups, using non-carrying 
arithmetic, or a pair ox grotQ)s may be differenced. The machine can 
pei^orm twenty calculations simiiltaneously, retaining the original 
entries for further tests. 

I 

.Operation is at the rate of up to one cycle per second. The 
l^evljce facilitates hand solutions, but is unsuited to large scale 
add stripping or square conversions stripping. It can be used to 
add fxirther messages to a depth. An NCR DIPPMENCING CALCULATOR is 
about 2'H X I'L x 2'D , Most operating divisions have a few in 
their possession, still available for use. 

/ 

Btf: H.A.C. Oatline 
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PINE ANAL0& 



thd 



FIM AHAL0& was a relay device which ui^ui^iated the functions of 

i 



T 

I a V 



PINK 



traffic. Navy's counterpeurt to this equipment was^called HIOKy, Two 

\ 

units were huilt hy Army, the first in April 1946 -the second in 
November 1947, 

The device had a ke yboard or tape reader input; outpu^was to a 
regeneration typewriter. 



All wheel positions were shown by ll^ts. Plug- 
ging and pinwheel starting positions had to be known. A print of 
either con^onent could be had if desired. 

and some work has 



The system was 



been done on the backlog of! traffic. Dimensions of the machine were: 
6'H X 2'L X 2'D , plus keyboard, typewriter and reader. Serial 1 
was dismantled and Serial 2 was sent to the museum and later disposed 
of for lack of apace. 
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PLUTO 



PLUTO (APRAP-30, the GYOLU A1IA.LYZER) Is a BpecifJl purpose ^on- 

eratinn device irlth oomputine elements, designed to study cycle 

\ 

struct\.u:es generated "by regulaxly or erratically ste|)pins rotor?.. 

It was hullt hy Sylvsnia Electric Products Inc., of Soston, Mh.'’3., 

for irSA-34 and delivered in July 1951. It simulates a variety of 

rules of motion hy rotors of to 7^ - 1R8 points and performs 

counts and studies on resulting cycles. Eot strictly analytic, it 

merely determines the nature and length of cycles, suh-roiycles and 

lead-in sequences from any given starting point, thus permitting 

■ 

study of key generation. 

In operation, a particular ikile of motion is set up hy prspoply 
Interoonneeting haslo epmponents -of the frames, A starting pni&t is 
selected hy means ef Benington Bdnd cards; results are displayed on 

I ■ . 

neon lights. Three comparator iiAits function as memories and Stop 
the mndhine v/hen a selected setting is reached, AutematlQ seareH 

I 

for a setting repetition is huilt in to stop the machine at n S@in- 

‘i 

gidenee and indlqate the length 9 f the cycle tested and the length Qf 
the leadnin sequence. It is capable of continuous pepformnnae and 
liras recently modified to malTs eutomatlc the recognition of certain 
eonTsrgence situations. 

It consists of 28 frames arranged In two parallel hankSf each 
fl'H X 40*Ij X E'D , plus a 6'H x 9’L x 4'D povrer supply. Rate qf 
operation is dial controlled, ranging .iPom -560 to a million pulses 
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S BCUHTTY INFQRBCATIOW 



jLLiJhJ (Go.it.'(i.) 

or 8Gttio'7S n second. Location la at Naval Security Station In 
• - 
Room In tmuiy respects Its circuitry Is Identical with 

imiBL',fIND, SylTonla* s electronic oonputer. 
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H05PUNOH VERIFIER 



The PREPUNCH VERIFIER (AFSAF-D67) la a tape verifier, b , modifi- 
cation of OXCO letterwriting equipment which checks; the accuracy of 
two typings of 50 characters before punching- the sequence into tape. 
The one model was built by NSA-354 in October 1952, It has not 
passed its tests nor been put to operational use. 

Designed for 5-level tape only, the device stores a line of 50 
characters in an equal number of relays, then matches this letter by 
letter with a second typing of the same text. At a wrong stroke, 
the keyboard locks, and correction in relay storage or key stroke 
must be made before typing can proceed. Carriage return at the end 
of the line starts the automatic tape p^^nching procese and sets up 
the machine for the next line. Input is by keyboard only, and output 
'"1^ to tape only. Although very useful, the machine really has no 
cry^analytic function beyond avoidance of garbles from processing, 

CXCO keyboard and tapepunch are mo\mted cm the usual 0X00 dolJ.y,. 
2’H X 6*L X 3'D , with relay equipment contained Inside, Typing in- 
put is at a rate up to 5 characters per second and output is at 10 
characters per second. It is located at ESS in Room 4177, 
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Tlie F0B[^< A'lAJjOfl Ic a rcL*v flrvlce, Bi wilatlnf; the Jap "B" 
IU.GHI11B or nirOlQ ctplicr cIcTlce wlilph proilncccl FURPIi!!! or Jap dlplo- 
uatlc traffic. ,(I?n "A” tlAGIliJ'if:, prodiTcinci; HED traffic, preceded 
this BjBiein niid vae rnnd hy nnniinl nethodB with no epeelnl ooehlne 

e 

aide.) Botvoon 19*'1 and IP^o n total of al,*;ht Baelof;B wore hallt 
hy Ariqy and ITavy, oach offcrlEk:c liiq'roTcincnt, hut no haelc ohanjse. 

The equipment BiTpcrcrdca hand mothode and a prlmlflve handteeter 
called SILLT SITE for tracln," mclplierlnc cJrculto tbroof^ three of 
the four idieele. 

Ae the Jape had doM In the orl/^jlnal derlee, the analog enolphere 

a eeloctod elx lettere of tlip nl'liahet t>irouf^ a eln^e *6* wheel and 

the remnlnlnc twenty Icttore Virov,;h three "30* wheels, with stepping ■ 

provided autonatlcall;'. All four arc P5 point wheels, slmolated hy 

rotary solector Bi'ltc'.iae. It wkh ubqcI cHofly for deciphering. 

The device, nnae'irln * I'l- r TfL x I'D , plue 'Iceyhoard for Input 

and regeneration t.r.iowrttcr ''‘or o'ltput, le norjally placed on a low 

table or desh. Two models am -• 01 / In existence, one of which was 

‘ueed recently In the OTP DHIEIGE and the SGRAHDLER jTor key etudy pui>- 

■ • ’ 1 

poeee.. 
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PUKPLK DUDBUSTER 



The PURPLE BUIffiUSTER ivas an electrical cribtester made from a 
modified PURPLE AHALOG and used to find the stepping order and set- 
tings of the three vheels which encipher the 20- letter portion of 
the alphahot in Jap Diplomatic traffic. It ^es employed after the 
"6" letters, enciphered on a single separate wheel, had been re- 
covered and when plain and cipher steckering were known. It was 
built by Army in 1945 and operated at AHS until VJ day, when it and 
its running mate, the PURPLE AEALOG, were retired to the museum. 

One model of the ANALOG was modified for automatic stepping 
and plugged to decipher text to be analyzed (i.e., recognized) by 
sets of rotors. Starting at position 111 and arbitrarily selecting 
one fast - medlTim - slow order, the machine was set in motion. At 
the point the first plain-cipher pair was satisfied, the machine 
considered the second pair, and so on through the full crib rmtil a 
contradiction occurred. In that case the next position is assumed 
and the process repeated. A total hit would probably be the true 
one, and could readily be verified so as to end or continue testing. 

Average time for obtaining solution was 35 minutes, one wheel 
order run taking 18 minutes. Initial plugging and setting time was 
negligible. 
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ROBIN I Mid II 



ROBIN (CXQR, AFSUf-H/bi and APSAF-D/Sd-] ) 1b a photoelootrlo 
eoaparator for matching tapoo round rohin. It was doBlgned hy 8520 
and built by Englnucrlng Roaoardh Aosociatost the first two (known 
as ROBIN I or APSAT-B/dS, being delivered in November and Decembor 
I960. Ihlrtoen more oallod AFSAP-D/54~1 through -13 have sinoo boen 
built* Iho original pair and the 13th ROBIN of the second group, 
still crated, ore now stored* 

In operation, two teletsrpe tapes usu^ly of 16 to 20 thousand 
(diaracters each ore fod past a dual tape reader, soannod photo- 
eleotrlcally at a rato of 5 thousand characters per second and com- 
pared at effectively 50 thousand characters per second* Ihe thres- 
hold for a hit is a preset strai^t line criterion* RdBIN generates 
Its own step-function criterion (ratio botwoon eaepootod coinoldenoes 
and number of coiiq)ar loons) as it matches each new message overlap, 
and punohos a card or not whenevdr a me/ssogo break In either tape 
passes the reader* Oounting is actually character by character, with 
dits Ignored, Message Identification and overlap Information causing 
the required hl^ monographic coincidence are punched in binary form 
Into a card by a 617 RNPROBUCNR PUNCH. A logical extension of CONNIN 
It uses similar and additional circuitry. An optloxial "bonus” cir- 
cuit wol^ts consecutive monogjraphlc hits, thus tending to seloot 
polygraphic coincidences . 

Dimensions ore 7'H x 12'L x 2'D , plus reader, punch and power 
supply* ConQ}lete matching between two 20,000 character tapes take 
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about tv'O nil A a half hourn. All t\>olTe aro operating at AHS In 
Boom 0P.31-B. At pro Rent thnre Is conBldernhle doubt an to ROBIN'S 
theoretical ability to distinguish statistically between random and 
causal situations as It was designed to do. 
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SAIHH 



SAIXEl'(iUPSAP-10I^'0ZS^} is an electrical analog of a cipher derlce 
known Tarloiuly as the HAOSLIN G-38, OSP-1500 or H-S09. It la need 
for encljdierlng or decl]di«rlng traffic and for ▼arlous cr^ptanalytlc 
proceaBee aadh| Iteatlng auggeated 



aettlngs In conjunction with HBQASB and WABLOCK I and other apeclal 

operatlona. It genaratea all or part of the entire 6-wheei cycle of 

ahout 101 Billion elaaenta. Serial 1 waa hallt hy Vational Oadi 

Beglater Oo., and Nary In late 1944 and la now dlamantled. Tour o'thera 
\ 

of a different model, followed ahortly, hut all are haaloally Identical. 
Army I a BLBGTRIGAL KAfiBLIN AHALOO 0-38 (refer to K.A.G. Outline #32) 



la a coaqaarahle machine, allgjhtly factor, ualng relaya Inataad of 
actual Hagelln idieelB. She 3ATIR HMD (ATSAT-103/lO ) la a apeolally ■ 
dereloped pattern generator which punchea the 6 wheel jwittema Into 
tqie. It waa dereloped hy Navy In 1944 at the aame time SASCIE waa. 

I 

Xaoh machine conalato of (l) twenty-two 36-polnt awltdhe'a (6 for 
klcdc, 16 for overliQ), 1 for elide), (2) a conrerted cat of HAOSLIH 
wheela, (3) a keyboard for Input and (4) an 8 x 20 plugboard to 
Bake both Input and output pluggable. lEhe liQm.t oontaota of the plug- 
board are oonneoted to the awltch-relay unite, Inoludlng the elide, 
and back again to the output oontacta of the plugboard. If all 
Bwltdhea are eat at "off", the Input Impulae goea through unchanged . 

A given awltch-relay la operated aa many tlma aa there are active 
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Both Input and output nay he >7 either tape or 



tgtplng, 

Dimenalona rary only ellj^tly between the two models, areraglng 
shout 4'H X 4'L X 3*1) plus a keyboard, a regoneration typewriter, 
a reader and a ponoh, all usually set on a nearby desk or stand. Hhe 
early modal was the larger. Three maohlnes are located at Baral 
Security Station, two of which are In Boom 20103 with HEQAIB. The 
fifth Is at USBCUL In St. Paul. Operating speed Is 6 eharaoters per 
second. SATXB permits analytic study of any one element or combina- 
tion of elements of the G-type HAGBLIlir. 
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SETTIHG QSBSBilOR 

Tlio CIP19!H I^AGlTnni SBITZH5 OHIlBAiaa (AJ>3AT 35, 01189) Is a 

■ 

mlRjv opnrrtod testing ^erloa i^&ch oon Blnulate flftsen rotors of 
vqp to 80 positions, each sts(sipln£ sooordlng .to almost anar rule of 
motion. Its alia Is to facilitate such otcIs studies as were con- 
ducted under tlic iJ^ABBAI'CE project V reproduelne suoeesslTe wheel 
positions of most Isioisi cipher sinohlnes. The one modal ms hullt 
1>7 X!!IU35S on 1^ Un:,' 1951. 

ISifl function of ATSAP Is to fsnerato nil suoeesslTe rotor 
settings posslhlc In nn^ cjreln, reoordln/tt (l) after eadh stepping 
cycle, (.?) nftcr scloetod cycles only or (3) on all or selected 
wheol posltlone only. Sos'sltn lan;* ho In printed or punched tope^ 
form and. ino;'' Includp stepping Instmotions. It has applloatlon to 
such prohlens as UOKZ", notched ring or wired rotor machines and 

I 

permits' stu<\" of r-tLos of .jution, rotor vlrlng nnd lopy generation. 
Set-i:^ of notch pr.ttom, rule of rstJnn nnd order of wheol print Is 
hy plughonrds and lnlti?l sottln,-; Is 1'7 puslihutton. Uliero are two 
reading positions for nnah of tho €0 wliocl-posltlons. 

Slse Is S'H X 15'L x ulus GXDO equipment and power sim- 
ply. Ante of operp.tlon Is r-6 stc^n per ulnuto, or to 310 steps 
■without prlntlDo'. It Is '.ised opcratlonnlly at ]'SS In Iloom 17114. 
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SLXnB-£T]H HA(aaHS (JJSAT-39 AXAB/I, IBM #931, OOOB BaOOaBmOS 

IQrXT) WBB a relay deeljdterine and tteeaasa aeitlng device, used to 

l^Boe 4- or 6-41glt neaeagea agalnat a baidc of reooTered key, by 

either non- carrying or "equere” arithnetlo, Brute force eearohee up 

to aerenteen groupa vere alao poaalble, Bight 4-dlglt maohlnee and 

one 5-dlglt vere built by J Brandh of iniy between eecrly 

1944 and 1946. It vaa aupereedad by SEA.TI and SLED. 

A 406 XABULA1Q& .read 17 ooBaeoutlre groupa at a tlaa to thla 

gate idiloh eqdLoyad oountera and ralaya to atrip an aqiDal length 

of key froB the grotq>a throuih appropriate deciphering aqparaa. At 

the aaae tine It aatched reaultlxig poaalVle plain groupa agalnat a 

aaleoted aat of 100 high frequency groupa aet tqi> on a plugboard. 

At a hit, the TABULA370& printed a record of' the line. Indicating 

by a dlt to the right ^ich groups vere reeognlaod. It vaa adapt- 

■ 

I 

able to* three-digit trdfflo alao. 

A weighting darloe vaa Included In the later aodela, with a 

toggle avltoh to net the threahold. !lhe DBOXUUUilBO OBIT, built 

• Shortly after the flrat SLIDB-EUB HAOEIHBS, van baaloally alallar 

but Blnna the recognition dementa. Both are of the Ji<*&K)![ttEI fai,>lly 

of deolpharlng naohlnea. Dlaenolona vere 6'H x 7'L z S'D . An 

• * 

XUKnBOHIO OZBODIT BBIAXSB (3'H z 3'L z 3'D) vaa built by AS-98 In 
1947, Inoreaalng the SLUDMniH MAGEIHBS rate fron 80 to '160 oarde 
per Blnnte. All aodela are now dlaaantled apd replaoed by the SEAIB 
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This document is to be rend only by those pcraonnol oflietslly indoetnnsted in aoeordanee with com* 
municatioa mtdligoace security regulations and authorised to receive the information reported herein. 
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SUPERSCHITCHaia 



K-.\y 1053 

EO 3.3(h)(2) 

PL 86-36/50 use 3605 



The SUPEHSCRITOHKa, (AFSAF-18), vas an electronic crittoater, 
analogous to Navy^s DUEIIH^A, doslgjiod to at tadc ENIGMA, traffic. The 
first model was conqaleted by E Branch in 1945 shortly after VB day, 
and replaced the now dismantled AUTOSCHITCHBR. In December 1951 
modifications wore completed to permit its use as a low speed BOMBE 
(it tested serially, not in parallel, as does the BOMBE) and it' be- 
came operational In 1953 in solution of traffic (fixed 

reflector plugging) for a brief time, 

V 

Its function w^s to make successively all possible stacker 
assuotptions in conjimetion with all possible reflector pluggings, 
testing each setting \hrou^ a menu (selected pairings of plain and 
cipher letters) end sensing contradictions and non-contradictions in 
circuitry. Sequlroments were a 300 to 600 letter crib (and there- 
fore a menu of about 20 pairs) and known rotor wiring, to find stecker, 
reflector plugging, wheel order and window setting. The menu was 

V 

set on a plugboard and rosults\were in the form of a printed list of 
possible window settings. 

I 

It consisted of two rows of frames, each 10 'H x 20 'L x 2'D , 
with nine bays or frames to a row. '^I^t used actual rotors and 2075 
tubes, testing at the rate of 10 to 15 EC. It was dismantled in 1952. 
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Thu dooument u to be rood od^ by thooa por oo n p ol ******"*^^y indoetniMtod u aceairdMiOB with eomp 
Mwm«fciftii mtilliBtiiea nointy ^wfttioni tad tuUioilitd to reeeive the inform tti on reported berein. 
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Iloy 1953 



TT3HHY mAGON 



The TUF DIIAGON, (or GEEDSIMSOHBJilBER GRIBTESTKR) le a relay 
device built by P Brarch of Anuy on 14 Ao/^ot 1944 and dolivered to 



OGCS in Pngland in October for use 





When a match ooeura at one 

or more levels, the machine recognizee the match and stops, indicating 

« 

%dieel position by lighting apprepriate leiiQ>s. The operator then re- 
cords necessary data for further testing. 

Tape preparation req.uired SO minutes; pluming the crib, 5 
minutes; setting rotor swltchos, 20 minutes. The BBAGOH eonQ>ared 6 
tape positions per second and was faulty but effective. The problem 
ended with Vforld War II and the IBAGOF has since been dismantled. 

Size was 7'H x 9'L x 2'B . 



Hef:^ H.A.C. Outline 
‘ Mr. 3. B. Marston 
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\fIRBD imeaiL HAUDTESXRR 

The mmD mSEL HANDTSST^ (called H&HBR5 E&NSTElsTEtR in H.A.C. 
Outline #8) wne an electro-mechanical testing device applicable to 

all such virod rotor cipher machines as SIOABA (called ECM or ELECTRIC 

I 

CIFHER MAGHISE hy Navy), ENIGHA or ASAlI-7. Built h^/ ASA. In 1946, It 
vae one of. a eeries of almple handtesters. 

It consisted of tvo rotor baskets to handle both ordinary and 
pluggable rotors, two panels and three or four plugboards. The de- 
vice provided a means of assembling up to twenty 36-polnt rotors with 
f laced or pluggable wiring* A pi>nel of pushbuttons and lights was 

I 

provided for encipherment and another for decipherment. Basket end- 
plates wex« wired to plugboax^s. for conplete flexibility. All a^otor 
motion was controlled by hand. The output of the first ten wheels 
(one basket) could be connected to an optional fourth plugboaard or to 
Input of the second ten wheels, 

Opexatlon was limited to the user's speed. Size was I'H *x I'L 
It was sent to the nuseum, nnd has probably been dismantled. 



Ref! If.A.C. Outline #8 
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5H03 CQMFjMIATOR, IiARK II y 



!The 5203 OOMPAHATOil, MARK II (A.PSAP 41 ) 1 b ^ ^hlyh-Bpeed goneral 
puipoee 10 comparator, pliotoelectrlcally matchlzig l\rge voltunes of 
text on 35mm film. Tlio I<!ARK II van 'built ’bj' Hogan La'ui^atorlee, Inc., 
formerly biOMi ns Hn^lo Inventions, Inc., « dellveted to A7SA. in 
1952. ItB 'basic purpOBO la calculation of 10 (ratio of col^ldeneoB 
to comparl'nons) 'betveen tx/o fields in n 35mm film. Testing others a 
range of ratios 'between l/40 and 40/l colncldencee with, a very sill^l 
tolerance In sensitivity. J^SA7 40 1 r the associated camera and 
storage unit, and accepts any tapo Input. 

The film la divided Into a high nnd a low field eeich 40 levels 
deep and Is viewed In a gate 600 frames t^lde, permlttixig a match • 
between tvo 'blocka of xip to ^,000 characters. Three circuits are 
provided for recognition of coincidence, one for straight hlgih 10 
above a set criterion (in the |form of a step function which the 
machlno successively computes at each setting), another for measur- 
ing light difference between the two film fields, and a third for 
recognition of blackout or no coincidence. At a hit the machine 
etops, the operator ma'ces exact alignment manually and reads the 10 
total from an electronic counter of 999 capacity. V/eightlng of 
results Is possible. 

Film is exposed at a rate of 1000 frames ner minute, and eon^ar- 
Isons are mode at up to 5000 overlaps per second. MARK II has In- 
creased accuracy (a few percentage points of error), greater 
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6202 CQMPAliATQR. MABK II 

flexl'blllty cuaA speed nnd n vlder £;fite (600 eib ogalnst 500) than 
M/LRK I. The I4AHK II camera moasures the some as I-IABE I, 4'H x 6'L x 
3'D . The coiiiT)nrator is 5'H x 4*L x 3'P . Location is at Arlington 
Hall Station In Boom 0220-B. 
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Brief Desorlntloae of Analytic Machines 
Second InstaUneat 



N3A-34 

MSA-35 

12 March 1954 
Vnieatley* LeRoy H 



The project of writing these Brief DesorintionB of 



Machines has been transferred from HSA-34 to NSA-35 since 



publishing tbe first installment, so this and subseqnent install- 



ments will be under their Joint sponsorship. This second 



Installment consisting of eighty-five equipments or topics is 



now ready for publication. An additional thirty-four have been 



written in rou^ draft and are in the process of proofing, revleir. 



etc. Some twenty-two equipments remain to be written .up. This 



figure Includes the small backlog list" and all equipments being 



planned to dat^ and may be reduced eomewhat hy research and changes 



of planst 



When Idle whole set of anoroximately 200 briefs has been 



published, a email nuniber of re-leaues will be sent out to 



ooxreot erron and bring facta up to date. There will also be a 



C^aaaxy, index and table of contents conqiiled for the ccnqiLeta 



set. It ie Intended that such an index cooBtitute the most 



canqiLete existing list of Agency machinery, paat and present. 



Reproduction at the Fhotolab, NSA-SL, of 8 x 10 prints of most 



of the equipments is proceeding and will be sent out presently. 



Coonente, criticieme and oorrect^Ums on this work are invited; 
the exbensioa is 563 at Arlington Hall Btatiou. 
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KSSL (m) iB a relay con^ter for low-epeecL parallel-type 
ooB^tatlon, IneludlDf arlthaetloal aad other logical prooeBBee, 
Built hy Bavy In 1949, -It vas the first of the IgeneyrsponBored 
oonqputerB to operate. It Is en analog of iiXLAS ■I', and oontalna 
no analytic orders. 

It Is a parallel coaster, operating on the full 24 hits 
of a vord alsniltaneously. Input of both data aad program (aaqjaenoe 
of orders) Is hy GXOO tape reader and not under program control; 

t 

output 1b to a GXGO regeneration typewriter and tape punch. Pro- 
gramming of a problem is much the same as for dlLAB I and uses a ona- 
addrese Byetem. Memory storage 1b on a 24-dhannel (later a 48- 
dbannel) magnetic drum with a 204? word capacity, each word eon- 
Bletlng of 24 Unary hits or digits. Pushhuttone proride for 
manua]. Insertion Into or reading from the registers. The 46-^aoe 
Booumulator, operating In conjunction with the control section of 
the machine and the 24-plaee auxiliary ^register, performs all 
computations. 

Overall slse Is 7*E x 14*L x 2'D plus associated equipment. 
Bate Is 10 orders per second. It was transferred to Office of 

s 

Baval Beeesrch aad is In operation at Oeorge Wadilngton Tblwerslty. 
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ABNER 

ABNER (AFSAF-32 la Serial 1 and AFSAF-D53 la aetually 
Sarlal 2, nob a different madilne as numbering ImpLlee) le a 
aerial elaotronlc digital ocaiputer eqjeelaUy dealgned for euch 
oryptologlo probleme aa ke7 generatlonf Arequeney’ eounbaf colxk- 
oldenee and aqaalltj coonta, elide roubinea« modular arlthmetlCf 
mrltlng on midbha and othera. Oeelgned and built bgr Anqy, the 
Serial 1 machine began operation on 1 June 1952. DeUvexy of 
Serial 2 la expected from Technltrol Engineering Goeqnany by 
February 1954* BAKER (AFSAF~DS9)uaa a relay conqputer analogoua 
to ABNER uhoae programa It me built to teat. 

The machine operatea aerially on Che individual bits or 
diglta of a wordj starting vl^ the least significant. Most 
Inatruotlona eaploy four addresses. The machine can dlstingulah 
batmen numbers by sIm or sign. Programnlng (listing of orders 
in sequence) la relatively simple and la nonnally coded In 
decimal Instead of octal notation as for most Agenqy computers. 
There are 19 ordinary and 12 special analytic orders available 
on the machine. 

Input is by (l) punched tapej photoelectrlcally read on a 
Ferranti reader at vqp to 315 characters per second; by (2) 
punched carde cn a collator at 240 or 120 cards per minute 
and by (3) magnetic tapes at about 25X characters per second; 
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ABNER (Gont'd.) 



*n under program control. Output Includes these three plus an 
Andersonr-Nichols line printer (AFSAF-4i|B) at 300 characters per 
second, - 7^ lines of AO characters each. One, and eventually 
four 7**lovel magnetic tapes of 720,000 character capacity serve 
as Input, output and Intermediate storage* The peripheral 
ABNER CONVERTER UNIT provides reeuSy Interchange between media. 

The C(»itrol unit receives orders from the memory and operates 
the memory, arithmetic unit and Input-output devices accordingly* 

The arithmetic unit consists of five registers or loops of electric 
delay Unes constantly circulating the Informatlcn* Okie of these, 
the accumulator, may be used to retain the results of arithmetic 
processes* 

The memoiy consists of 1024 words contained in 12d mercury 
delay lines each storing el(^t 45-blt words j^us 3 associated 
non-teztual bits for control of synchronlBni* Being under program 
control, the magnetic tapes constitute auxiliary memory* A console 
pennlts manual control for interruption, insertion and verification* 

Pulse rate Is one megacycle and access time cannot exceed 336 
mleroseeonds, resulting in from 440 to 20,000 arithmetic operations 
per second. The main cabinet measures 7'H x 24 'L x 2'D and, together 
with console and other units, requires about 63 O square feet (2-1/2 
bays) floor apace* Potentially one of the most versatile and valuable 
equipments yet conceived. Serial 1 Is In operation at Arlington Hall 
Station In room 0310-B. 

Ref: T/CA 10/53 

I'fr. J* lyduke 
I'&r* P* Johnson 
Mr. J. Rixse 
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ALGATBAZ 

ALCATHAZ (AFSAF-92, GXLQ) Is a digraph ftaqjnewqr counter with 
a 36 X 40 oodnter army, with two rows and two eoltmiB of totals 
counters. It was built by Biglneerlng Besearoh Associates under 
task 7 in July 1950 and rq^es HEKB (GSIlO. BABT ALGA3BAZ 
(GHiH, 6 xlkjB)f developed by SA under task 11, LidO, is a 36-oell 
freqioency counter, one thlrty-elxth the sine of ALCAISAZ and now In use 

t 

at Naval Security Station in room 4152. Its special line-printer, 

type 10 AVN, prints out results eleven groups to a line, exactly 

half the 22 group capacity of the-lyps 10 AVR printer developed at 

the saiaa tiine for ALCATRAZ. In July 1950, Coianereial Controls 

Corporation delivered a card-reader unit, BEAR (AFSAF-93, GXOL), 

penltting input from lEM and RemRand cards at 4 per second as an 
\ • 

alternative to the usual CACO double-headed 6-level tape reader 
input. 

The maohlne is an imn ro v ement over MIKE in that results are 
printed as well as visual, cell counters have a 3-digit capacity, 

I 

total counters have a 5-digit capacity, 6-level tapes any be used 
to operate the 36x 36 translation mtrlx. The control contains 
a double^ieaded GZCO tape reader, natrix input plugboards, the 

36 x 36 translatian asitrlx and the distributive oydoneter. The 

^ % 

"2 

two eounterbanks are fad by 36* or 1,296 wires Aon the trans- 
lation matrix. Minted output contains cell totals, row and oolnmi 
totals and the overall fTequencgr count. 
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ALCATBAZ' (Contid.) 

Control and printer oaoh aeaaQra 6-^11 x 6'L x'S'D, and the 
two ooonterbanka S*H x 12'L x 4*D» Bate la up to 16 ohametera 
per aeoond. It la at Haval Seeurllv Station in roon A152« 



Bef : Inatruotlon Maniial (R^.3/775) 

T/GA d/5I Report 
Hr. D. Hogan 
Hr. J. StapLeton 
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ASAY-7 AHAI.OG 



The ASA.T-7 AEALOG v;as a relay device to Bimiilate the func- 
tion of the ASAY-7 clphony device. It operated with a 513 
ESPHODUCBR to generate key for a security study. Section Vn)GAS-92 
of Army huilt it in early 1948. 

The AM.10G was developed to permit study of cipher result- 
ing from use of random noise generated Isy, and produced 50,000 
elements of key. Motion of the 4 key-producing wheels was 
simulated hy cyclic offset of pattern in cards, including dila- 
tion (repetition) of key. Thirty wire contact relays were used 
according to the same principles as the TAIT KEY GBHBRA.TOR. Re- 
sults were checked hy doing the joh twice. 

Size v;as 3’H x 2'L x 2’D plus a 513 REPRODUCER and rate 
was . 100 cards per minute. It was dismantled shortly after the 
study v;as coji 5 }leted. 




« 

Reference: Mr. S. Thorne 
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ATLAS I 

ATLAS I (AFSAF- 70 , GXMX) is a parallel type electronic 
computer to perform basic arithmetic processes and able to 
make conditional decisions on the basis of size and sign, 
modifying its own program of orders. Under Task 13 » 

Engineering Research Associates delivered Seria3. 1 in December 
1950 and Serial 2 in Mc^ 1953* The model is available commercially 
under the name ERA 11.01 COMPUTER. NSA'>35 biiilt ABEL, a relay 
analog, in November 1949, which has since been transferred to 
George Washington University. 

Several peripheral equipments have been developed: a pair 

of specieO. tape punches, a HIGH-SPEED TAPE COMPARATOR consisting 
of two POTTER READERS (AFSAFr25) and a comparing unit, and a trio 
of rather non-descript devices known as OCTAL KEYBOARD, 8 KEYS, 

2 OCTALS PER FRAME (AFSAF-D65), a CONTROLIERr-OCTAL-TAPB-REPRODUCER- 
CONVERTER (AFSAF-D66), a TAPE PUNCH VERIFIER (AFSAF-D 67 ) and a 
CONTROLLER-OCTAL-TAPE-REGENERATOR-CONVERTER with ho AFSAF number. 

In addition, two equipments are under construction: BUNNY (AFSAF** 

D 70 /II), which is a high speed tape reproducer to insert seventh 
level pattern, and CENSOR (AFSAF-*D70/l(^ a tape checking device. 

Operation is in parallel, simultaneously handling all bits 
of a worJj a binary nvonber. This makes for faster operation but 
more complex machinery. Each order employs one address. Data 
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ATLAS I (Cont'd. ) 

is read in from 7-level punched paper tape on a photo-electric 
reader at 144 characters per second, and is not under program 
control. Output is to a CXCO regeneration typevirriter and tape 
punch. The control \mit interprets orders read from the drum 
(a repertory of 42 /©• now available) and operates the machine 

accordingly. The magnetic drinn memory is divided into 
2 = 16,384 hooces or memory locations, each of which holds a 

24 binary digit word, which may be either a coded order or 
datum. The arithmetic unit consists of a 48-bit accumulator or 
A-register, a 24-bit Q,-register and a 24-bit X-register. These 
together perform confutations as required by the controls. 

Special orders have been added, including a random order, prob- 
ably the most novel feature on the machine. 

The drum revolution time of 17 milliseconds indicates 
that, without planning, each instruction will take that long. 

But v/ith careful planning, placing the instructions and relevant 
data where they will be immediately available when needed, the 
time per order can be lowered to as little as one percent of a 
drum revolution, or, at times, one fifth of one percent. The 
care needed to accomplish this is considerable. 

Physical size of the main machine is 7*H x 40*L x 2’D 
plus reader, control panel and auxiliary equipment; this requires 

- 2 -. 






ATLAS I (Cont'd.) 



over a thousand square feet of floor space. False rate is 400 
kilocycles per second and access time ranges from 32 micro- 
seconds up to 17 milliseconds (1 drum revolution). Both are 
in operation at Naval Security Station in room /+152. 



Ref: NSA-34 Files 

Hr. E, Burke 
Mr. D. Hogan 
Mr, P. Johnson 
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ATLAS II 

ATLAS II (AFSAP- 7 OA, AFSAF-70B) is an electronic parallel- 
type computer vdth all the functions of ATLAS I but with additional 
types of memories which result in greater speed and capacity. Serial 
1 was delivered by Engineering Research Associates, now a subsidiary 
of Remington Rand Corporation, in September 1953* Serial 2, actually 
a model change, is expected by August 195A* The machine is available 
commercially under the name of ERA UO 3 COMPUTER. Auxiliary equipment 
is the sajne as for ATLAS I, the ERA 1101 CQ-IPUTER. 

Operation is in parallel - all bits of a word (number) are operated 

on simultaneously. V/ord size is 36 bits,_^ 6 for address and 30 tor tvro 

15 bit addresses or data. Initial input is by 7-level paper tape read 

photoelectricallj'' at lltU characters per second. Four magnetic tapes 

under program control during operation serve as input, output and an 

auxiliary memory. In addition, a CXCO regeneration typewiter or tape 

punch is available for output. In addition to the intermediate speed 

magnetic drum memory which holds or l6,3S/+ vrords and tho magnetic 

tapes just mentioned, there is a primary high-speed electrostatic 

storage (V/illiams tubes in serial 1, AFSAF-70A, and magnetic cores in 

. 10 

serial 2, AFSAF-70B) capable of storing 2 or 1,024 words. Both the 
electrostatic and drum memories are fully addressed. The aritlimetic 
unit consists of a 72-bit accumulator, a 36 -bit X register and a 36 -bit 
•i-register. The control imit functions the same as in ATLAS I. Program- 
ing, or sequencing of orders, uses a 2 -address system and is not very 
dif f ic’ilt , 

CONFlDENTlA ti 






ATLAS II (Cont*d.) 

Several special orders, such as modular arithmetic, a scale factor 
order and repetition, are built in routines. This lasli one in particular 
is the outstanding feature which differentiates the machine from other 
computers and contributes most to its cryptologic usefulness. 

The device consists of 6 cabinets each measuring 7'H x Id'li x 2'D, 
plus peripheral equipment, and requires about 12CX) square feet of floor 
space. Pulse rate is 500 kilocycles per second. Access time for electro- 
static storage is about 12 to 18 microseconds, and for data on tape or 
drum is not great since one drum revolution takes 34 milliseconds. It 
operates at Naval Security Station in room 4152, 

Ref: Lt« E. Friend 

Mr. D. Hogan 
Mr. P. Johnson 
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MBY OPHIS (AFSiAP-JDSTA.) Is a WIBHD WHEEL AMLOO designed 
to simulate with relays almost any rule of rotor motion for 
five rotors of to 32 points each. It was constructed hy 
ESA-3S in April 1953 to test rotor settings and cycles under 
▼arious rules of motion. 

Considerable flexibility of control is provided. A tape, 
often one from the APSAF-35 SEfTHiR} G-ETIEHAICOB., controls rotor 
stepping through a plugboard. COM and classic Enigma motion 
are built in. Certain comparisons are possible, including a 
feature permitting carrying plain text through a eoiple of 
rotors, while carrying cipher text back through the others and 
making comparison between the two results. 

It is a baby only in number and size of rotors when com- 
pared with OPHIS, its dimensions being 6'E x 5'L x 3*D . 

Bate of operation is 6 to 8 pulses per second. It is now 
located at Arlington Hall Station in room 2050-B. 



Beferences: 
KSA-354B files 
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Mr. P. Mayol 
Mr. K. Polley 




FORM 781 -C IOC 
d JUL SI 






March 1954 



BAKER 



BAKER (AFSAF-D89) was a low-speed parallel relay computer to 
perform the same mathematical operations and analytic functions 
as ABNER. It was built by NSA-35 in February 1953 and used 
mainly to test programs for ABNER. 

Input was a standard CXCO tape reader and output was to a CXCO 
regeneration typewriter and tape punch. The magnetic drum memory 
operated at 440 RPM and had a storage capacity on either half of the 
drum of 1024 words of 45 binary bits. Either half could be used 
independently. There were foxir 45 bit registers, the Q, X, X-bar and 
Y, and a 90 bit accumulator. All but three of the orders were handled 
in paralled fashion; that is, all bits were operated on simultaneously. 

A 10-bit address system and a 4-address code similar to that for ABNER 
was used. Control was similar to that in ABNER. 

The machine, arranged in an “L”, measured 6'H x 20'L x 2*D plus 
power supply. The timing control clock in BAKER made 10 cycles a second 
yet there was no basic ptilse rate. Multiplication and division required 
*4 seconds at most; addition, subtraction and comparison needed 1/3 of 
a second. It has been dismantled. 



Ref: Mr. B. Baker 

Mr, K. P. Cook 
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B^UTE FOaCS DF/ICE 

The term BRUTE FORCE DE7ICE (AXHB/I) refers hgr general usage to the 
lEI-I gates and processes (and rarely to the several other machines of 
comparable function) designed to search through cipher text and find a 
type of coincidence known variously as a brute force hit^ a copperhead 
hit, a double hit, a double repeat, a two-point hit, a red (point) hit, 
or a pattern hit, - this last in only one of its several meanings* 

Briefly, the required condition is that tiro pairs of repeated groups exist, 
either between two parts of a message cir between pair's of messages, and 
fuiMiher, that these repeats be in i^se and at equal intervals. ICKf 1 
and COPFERHEAD did a comparable Job. 

The first such gate, the B^'iSf BRUTE FORCE DEVICE, described in 
M.A.C. Outline No* 24, operated in connection with a 405 TABULATOR. 

Four successive models were built by army section ^i?li}GrAS-92 between 1942 
and 1944» all designed to find double repeats at aiqr interval from 1 to 9» 
in 3- , 4- , or 5-character traffic* The JISIIQR BRUTE FORCE DEVICE, for 
use with a 407 TABULATOR, superseded this and Increased the span of 
search to 12 pentagraphs, numeric only* It was also needed with a special 
plugboard for reducing test to pattern and called PATTERN BRUTE FORCE DEVICE. 

I 

In this connection 110 ^relays of a general purpose gate were rewired and 
used with a 797 COQRDINATINHf Hp^ODUCER to punch patterns into cards at 
100 yards per minute. It was called PATTERN PUNCHING DEVICE. The term 
FULL BRiriE FORCE applies only to a process on IBM equipment where search 
is made through the full le^jtgth of the messsige for this type of coincidence. 







BRUTE FORCE DEVICE (Cont'd.) 

Operational time depends on the Job; the 405 TABULATOR matched 
cards at 150 cards per minute and listed at 80 per minute; the ZfO? 
currently used is faster « matching and listing at 150 cards per minute* 
This type of search is most efficient on 5-’Character traffic* The last, 
BABY BRUTE FGiCE measured 1 *H x 2 'L x 1 'D, in a plugboard cover, and 
JUNIOR BRUTE FORCE was 3'H x 3'L x 1*D, The former is dismantled, and the 
latter is in operation 82, 1700-A in Arlington Hall Station* 



Ref: M.A.C. Outline No. 24 

NS:*. J. Hjrdidce 
Mr. J. Powers 
Mr, W, Sharp 
Mr. S, Thorne 
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The B-211 ANALOG (AFSAF-36# AXOQ/l and /2), c^ai^le to 



Navy's RICKT^ refers to a set of relay devices to 
pletely the fimctions of both 



and 



simulate com- 
Imodifications of 

problem! 



the HAGELIN B-211 cipher device. The first* for the| 
was built by Anny in 1944. Then two PINK ANALOGS (AXOQ/l and AXDQ/2, 

the first delivered 



ANALOG) were built for the 



were built in 1949* 1951 



in April 1946. Three models for thej^ 
and 1953. Althou^ basically no different cryptographically* varia- 
tions include selector switches in earlier models and relays in later 
ones! 



In all of them rotor wiring is set on a plugboard* and stecker 
by pushbuttons or on plugboards* with lights to show wheel positions. 
Input is by tape or keyboard and output is to a CXCO regeneration 
typewriter. Some may be used as a whole or effectively as either of 
the component halves to produce enciphered* deciphered or fractionated 
text. 

Operation is at 8 characters per second and size is about 
6'H X 3'L X 2'D • Three are dismantled* but the last three 
type are used operationally at Arlington Hall Station in room A-2208. 




Ref: 



Completion Report* AFSA Technical Document #35 
Mr. P. Sr^der 
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B-211 ESTER 



The B-211 HAFnDSSTIlR (APSAP-119, AXOVl) is aa electrical cir- 
cuit testing device able to produce the effect of the coicnut^itors and 
rotors of the HAGELIE B-211 cipher siachine. The first v/as built b^ 
Army, VBG-AS~74, in January 1947 (see M. A. C. Outline No. 8) and is 
now dismantled. Three later models, delivered in February and July 
1947, use switches to accoitqslish the fractionation. 

An analyst or trained clerk ma;.'' use the device to test wheel 
settings, fractionate te:Lt to obtoin either of both components, de- 
cipher and encipher messeiges, and recover slide and motion pattern. 

A31 whoel motion is by hand. Cipher is introduced by switches and 
plain text values are read fro« lii^its, or vice versa by resetting 
a- switch. All steckorlng Is noi; provided for In c sing3 e svritchboard, 
Bate of operation depends on the operator and the Job. The de- 
vice is much more rapid than using charts or the cipher Liachine itself. 
All three are now in operation at Arlington Fall. Station in room 2407-A 

handling both mode? T and model M wiring. Size 3s 



3'H X 3'L x'l’D. 




Sci ; 



K.A..0. Outline No. 0 
Ih-. ii. Collins 
1-h-. F. i:Eyol 
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The GALL 35 LEVICE (APSA0’-114, MOD 35 GATE) is a relay gete which 



operates with a 797 COOHDIHATIFO BEEHODUCER to convert! 



inter- 



cept cell-signs to their corresponding Belcer-Volune hook nuaher. It 
was huilt hy DSA-22 in March 1951, 

The acvice consists of two con^lete units for sender and receiver 



call signs, and 





Input is hy card and output is the 



sum in decimal forJi and corresponding hook number. 





Its size is 3’H :c 3'D x 2'D. ALl computation occurs between 
card cycles so the rate of 100 cards per minute results in 200 
call sign decipherments per minute. It is in use at Arlington Hell 
Station in room 1200- A. 



Bef: 16c. S. Thorne 
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COLGlLLDGIi: iUBQTITUT10» DEVICE 



COLEBIDQE K:SZ SUBS'nTUTlON D-^CE Is a twLce-used term. UaiQr 
infornallar constructed a device of tlat name In 1947» a cdlleotlon 
of i^Lngboards used for a few months and dismantled when DEMON 
arrived. It merits no wrlteHip. In 1946^ NSA-8:^ built in- 
foinall^ for Amor the eleotrioal COLERIDOB KTfiT SUBSTITUTION DEVICE 
(KET DERIVATION for OOLERIDGE) described h.re. 




a hand-operated decipher, hand-tester. and key checker. In 
general, it parallels OBOE (which likewise was called KE7 DERIVATION 
for OdLEaiDOS) and PICCOLO (AFSAF-37). 

This device consists of a keyboard for Input and a lampbank or 
GXCO regeneration tynewriter for output. Pressing, 2 key in succession 
reoresentlng key and cinher in either order produces a possible-plain 
character In the fona of its 
A switch permits enclnherlng. 

Bate is up to 6 or d characters per second and else is insl03ificanf^ 
only soeolal wiring and lames <ui the back of an IBM keyboard, plus 
CXCO regeneration typewriter. It is available, but stored at Arlington 
Hall Station In room 2D$Q-B, 



Ref: Miss K. Blank 

Mr. W. Lutwinlak 
Mr. E. Harston 
ffr. J. Stafdnton 
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The GOLUI-asr AEIBMGIITG USTICS (iUraAE'-113, C0LUI<1I? ABBMGm) is a 



speoialleed rele^ derice used with a SELECTITS FQIirCE, later with a 
797 COQEEIIIATIKG' BEESODUCM, to prepare a table of relationships 
based on two sets of digits with a mod 5 or 6 range. Model I was 
built by Navy in 1949, an independent peurt of the HG-B AGTOloATIC 
GlfiCUIT OEUSSM., and simply arranged pentagraphs in ascending or 
descending order, 0 to 9 . Model II, also by Mary in 194% and 
Model Ill^by MSA-22 in December 1950, operate with a 797 BEFBODOCER. 



tetragraph. Column selection order is pluggable. Input, therefore, 
is two tetragrephs arxL output is a list of pentagraphs or hezagraphs 
which are searched by other equipments for isomorphism in either of 
the two conQ}onents. 

Sise is 4'H x 3'L x 2'D and rate is 100 cards per minute. 
Ibdel I was dismantled.' Model II and later Model III were built 
into the same gate with OLID and the SUBSTITUTZOM DEVICE. It is 



available for use at Arlington Eall Station in room 1700'-A. 




Mr. V. Hopper 
tjr. J. H^/duke 
I-i’. E. Snith 
Mr. S. Thorne 
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COl^PDIEKS 



Thft general purpose electronic computer cen perform at hl^ 
speeds a numhor of arithmetic and lo£;lcal operations. The results 
can he retained Internally for later use or they can he used to 
control the coiiputational procedure to follow. !Hils control is made 
posslhle hy the computer's ability to discrlnlisate and to modify its 
own instructions. The j^ency is concerned with 6 types, or a total 
of 10 or 11 machines, each described under one of the following 
headings: ABB!L, ABIIER, mAS, BAKER, EBFI4 (IBI-I 701 ) and ITOMAD. 

Information can he transferred to and from a computer hy means 
of magnetic tape, perforated paper tape, punched cards, or electric 
typewriters. Most computers use more than one of these mediums and 
several use all. Some machines, particularly those which employ 
magnetic tape, are capable of accepting input during operation; 
others require that ell' data needed for a computation he loaded into 
the computer before operation is started. 

In addition to input-output equipment a conQmter has three main 
oouponents: the control unit, the arithmetic unit, and the memory. 

This last is divided into cells and in each a unit of information, 
either an instruction or a datum, maj'' he stored. In order that 
stored material may he located and used^ addresses are assigned to 
tho memory cells. The control unit on roceivlng an instruction from 
the memory directs the arithmetic unit to perform the operation 
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001-aTHEis (Oont«d.) 

Indicated "by certain Mte (*binary digit b) of the instruction. Other 
hits specify tlie location(s) in the mentory of the operaud(s). I4hen 
the operation hae been cos*pletod and if the instruction has not 
called for a Jub^ to some other part of the mecory, the control unit 
of most coBQiuters takes as its next instruction the contents of the 
memory cell following that which contained the instruction Just used, 
end the cycle is repeated. However, some conputers do not depend on 
this sequencing, hut rather each instruction includes the address of 
its successor. This device is characteristic of the so-called four- 
address ooE^uters. 

The greatest restriction to coaptation speed is the access time 
of the memory’', i.e., the tine required for a menory cell to release 
its contents to the arithmetic unit or the control unit after the 
latter has called for the information. This fact has motivated the 
search for faster memories end as a consequence there has heen a 
progression from the slow static electro-mechanical relay memory 
throu£^ the medium speed cyclic memories of the magnetic drum or 
acoustic delay lines to the present hi^-speed static storage made up 
of electrostatic storage tubes. The magnetic core matrix may con- 
stitute an even faster memory in the near future. Magnetic tapes 
ere novr being used for auxiliary storage, but thoir speed-limiting 
mechanical features preclude use aa a primary nernry. 



Coiqmtero cm c" ria'f'oi’ dirti;i.,vishcd by tVo mennor in which 
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COHPUEBRS (Oont’d.) 



separately are called serial compu.ters; those vhlch handle all hits 
simultaneously are called parallel. Parallel computers tend to he 
faster, hut their construction is considerably more complex. 

intimately the design of a computer hecomes a function of the 
work it will have to do. Input-output equipment must he adequate 
to handle the necessary data without tmduly holding up commutation, 
and the cosm'uter itself should he fast and flexible enough to provide 
practical solution for the problems to which it is to he applied. 
Specialization in the order code is one means by which the potential- 
ities of a computer can he extended, and this has been done to vary- 
ing degrees in the machines being used and to he used by nSA, prin- 
cipally ABMR. 



- 3 - 
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OODHTING DEVICE fOH CARD-OPEIASED TYPEVCUm 

The GOUETIEG DEVICE was a relay gate which, hy counting the 
strokes of an 05Q CADD-OPERATED THElrffllTER, serred to hreak the text 
into required lengths. It was hullt hy VDGAS-93 In 1948. A similar 
Joh was done hy a set of TBADSFOSITIOIT DBCIFEEPJCEIiiiT CIRCUITS, a 
machine modification and not a device In itself, which were l3uilt 
into an 040 TAFE-TO-CAHD FUECH for use with traffic on tape.' 

The COUlilTIFG DEVICE, consisting of seven relays, was used for 
deciphering simple columnar transposition mossages in which length 
of column varied. It counted strokes of tho typewriter, at most 99, 
and when a predeterralned critical value was reached, it halted the 
card feed, operated t?ie carriage return, reset the counters, and 
started the cycle again. 

Size was I’B x I’L x I'D plus an 058 CARD READER and a QXCQ 
regeneration typewriter. It operated at 8 to 10 characters per 
second and has 'been dismantled. 



Ref: Mac!iine Branch Annual Report, 1946 

1&:. S. Thome 
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CYCLIC DELAY KEY GMESIAIOR 

Xhe CYCLIC TTETAY ZEY G-INERASIOR (CD KEY GEiilERAlEOR) vas a special 
purpose relay gate used with a 513 REPRODUCER to produce key for 
study purposes according to prescribed control. HARK I was built 
by Array, section WDGAS-92, In late 1946; HARE II, a similar gener- 
ator, was completed In late 1949 by slniply rewiring MARK I. 

Both models used the same rules of motion. IChe first had fire 

# 

16-polnt wheels, and the second had el^t. Key In parity form was 
calculated In two ways. The first used mod 2 addition to combine 
selected points on the 5 (or 8) wheels. 3!he second used a formula 
InTOlYlng storage In IBM cards of as* many as five elements of key. 
Starting points for all wheels were put Into cards, and wheel settings 
were continuously recorded to facilitate cycle study. 

The gate mea.sured 3'^ 3e 3'L x 2'D and operated with a 513 
BEFRODDGER at 100 cards per minute. It Is now dismantled. 



Ref: Hachine Branch Annual Repprt, 1949 

lir. S. Thorne 
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DECIPHERING MACHINE 

The DECIPHERING MACHINE (SPECIAL DECIPHERING DEVICE, Project 
1049) was a rel^ deciphering device intended to incorporate 
the functions of several special purpose devices into one 
generalized machine. It was built by ? Branch of Army in September 
1945 and paralleled in part functions of MATTHEWf and similar 
devices . 

Two control tinits, each vdth CICO tape reader and keyboard 
for input and a control panel, operated vdLth a relay unit which 
performed the actual deciphering processes. Results went to a 
CXCO regeneration typewriter for page printing. It could do 
l) monoalphabetic substitution through a plugboard, 2) plain 
text reproduction, 3) polyalphabetic decipherment for cycles 
of 2 to 5, or 4) decipher literal or digital codes of up to 
3 characters. Although superior to hand methods, the machine 
was slow and not so flexible as expected. 

Each of the two control units was set on desks together 
with tape reader head, keyboard and CXCO regeneration typewriter 
and measured 2'H x 2'L x I'D. The relay unit was 6'H x 2'L x I'D. 
Rate was 6 to d characters per second. It was dismantled and 
replaced by the 797 COORDINATING R3PR0DUCER and various faster 
equipments. 

Ref; MilC Outline #27 

Mr. N. Christopher 
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DEGZFHmm UNIT 



The USCIPESELING UNIT vas a relay deciphering device used with a 
405 TABULATOR to apply numerical key to traffic throu^ an enciidier- 
Ing square. The first of four was huilt hy Army in early 1944 and 
deciphered twenty cipher positions simultaneously using one of fif- 
teen squares set up on interchangcahle 8 x 20 plugboards. The 
second, built by International Business Machines Corporation, was 
actually four smaller units each handling five groups. These were 
wired in tandem and used for slide-runs in conjunction with the 
SLIUN-RUN MA0HINNS. Two more, further modifications of the first, 
were built and used by Aormy. 

A cipher and a key digit were entered from the TABULATOR into 
a pair of counters in the gate. The key counter energised a rov/ of 
10 cells, one in each column of the enciphering square plugboard. 

The cljdier counter did the same ' in a particular column and the cell 
thus selected emitted the deciphered value to the TABULATOR. 

The device was like a SLIBB-RUN MACHINE, but lacked the recogni- 
tion elements. The first and the last two were 5'H x 8'L x 3'B; the 
four units of the second model were each 4'H x 2'L x 2<D. All are 
now dismantled. A unit could handle up to 2200 messages per day 
and operated at 150 cards per minute. 



Ref: Mr. J. Powers 
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mm 



mm (APSAI'-'SGO, IDUSK; MOZmi DECIPHEHBE) is a special ptirpose 
handtester, part relay and part electronic, to decipher mesBages in 
the Czech system I 



I The first model was hullt hy 1iiSA.'<-36 end 
delivered In April 1953. It parallels several other equipments such 
as M&TIHSW and HELLCAT I and II. 



Using 36 alphabets of 36 characters each, the device assumes 
key (or plain) against cipher and derives possible plain (or key). 

It has a 36 X 26 non-pluggable matrix. Input Is by keyboard and 
output Is to a CXCO regeneration typeifrlter. 25 of the alx^bets 
are Inversely related to the plain- ( or key) seqaence, which Is the 
26th alphabet. 

Size is 2*1 X 6>L X 2*L. Speed is about 1 character per 
second. It Is located at Arlington Hall Station In room 2530-A. 



Hef J T/GA 8/50 

Mr. H. Christopher 
Mr. B. Fleming 
I'tr . J . Llay 
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simBusm 

The imDSUSXER (ABLIB6T0N BD!}(BaS!l!E£) vae a relaT-t^^e analog of 
the X1TIGM& cipher machine, designed to set messages, l.e., find win;- 
dov settings, hy using a statistical test rather than a crlh. An 
earlier model, using thlrty^six OCG frames (hasle units of the 
Army SOMBE), was Imllt in 1940 hy T Branch hut was discarded in 1944 
in favor of a two-frame model. 

The 16 lowest frequency letters of the language were plugged 
throu^ a frame to a 52 segment dlstrihutor controlling 52 
counters. The frame then ran throng a machine cycle of 26^ set- 
tings, enciphering the set of low frequency letters at every possihle 
setting. These sets were stored and matched with 52 cipher letters 
represented on a plugboard. Occurrence of less than 19 coincidences 
stopped the machine. The second frame, running 52 settings h^nd 
produced the possihle plain text and printed it on a CXOO regeneration 
typewriter. 

Set time was about 15 minutes, and operating speed was 40 
tests per second. Size was 8*H x 4>L x 2'B. It has been dismantled. 



Sef: H.A.C. Outlines Bo. 16. 
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DIMEilTA 

miEICHA (GXLn, H-1500) la a hig^ speed two-vrheel 'boia'beliig device to 

recover reflector plugging, window settings and steckerlng as used in 

YMiIOW EEfIGMA,, given only rotor wiring. It considers oriT>-VB-plaiii 

pairings and tries all Intezvening scraa'bllng circuits possl'ble to 

find one with no' conflicts. Pive suc'h machines were hullt fcr Havy hy 

U. S. Naval Computing Machine Laboratory, the first being delivered in 

November 1944. Xhe Army AUTOSGRITCHER and SUPNRSCRITCHNR and the 

British GIANT are comparable equipments. Flans for a. pair of BOMBE- 

t 37 )e crlbteaters to be called MOlilA were dropped in favor of DDEEINA, 

which would do the sene* test using 2 wheels where HONA would have 

used one. : ' 

• • » 

The macdilne consists of two separate unite, a wheel unit housing 

four wheel- benke, and an electronic unit . It exhaustively nakos all 

possible stacker assuz^}tions for 2 or 3 bigh. frequency letters, test- 
% 

Ing each against a 100 or more letter menu, (cribs vs cipher pairings). 
Two wheels are sufficient because it is assiuned th.at there is no slow 
x;heel turn-over, so reflector and slew-wheels may ho considered as an 
unchanged unit. Motion pattern is considered throu^ menu set-up and 
wheel order throu^ programnlng runs (up to 56 in some systems to 
cover all combinations }. 'Results ere on telcdeltos paper in a square 
diagrrr.:. 

Tl'.o electronic unit measuros O'H x 14 ’1 x 3'B plus a vrhoel unit 
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and a l)lover unit. Bate Is about 30 minutes to test each assxuiiptiou. 
All five are stored at U.S. Haval Commuting Ifachine Laboratory In 
St. Pauly. Minnesota . 
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SUffiHYO OrHIS 

Tho term EHiEEYO OPHIS (AFSAE’-IC7B and D570, ALPHABET fiBmATOIl) 
refers to a relay de\doe designed to oimolate wired rotor encijjheriaent 
under a vide variety of motions. Its main use is for cycle study or 
decipherment purposes. ESA-G2 ‘built the first two (one is AFSAE-B57C, 
card operated; the other is APSAE'-B57B serial 2 , tape operated) in 
December 1952. ESAr-35 con^leted the third (APSAF-D57B, serial 1, also 
tape operated) in January 1953« 

The card-fed EMBHIO OFHIS operates with a 613 (later a 519) 
BEPHODDOEH, while the other two use CXCO equipment. All have three 
30-position wheels and plu^ablo internal stepping control. Two of 
these could be coimected in series to provide 6-vrheel operation. 

Eotch pattern and rotor wiring arc set on a plugboard. 

Size for all three is about 3'H x 2'L x 2'D, plus teletj<pe tape 
reader and CXCO regeneration typewiter or 513 BBPHODUGEIR. Bate is 
respectively 360 or 100 characters per mihute. The first is in 
use in NSAr-82 in room 1700-A; the other two operate in room 2059-B. 



Bef ; ESA-354 files 

Mr. E. Christopher 
Mr« S. Thorne 
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FIRECRACKER 

FIRECRACKER (AF3AF-121) is an electronic or relay cribtester 
used to find possible settings in Jap Purple Diplomatic traffic 
vihere a particular crib could have been enciphered. The first 
vtas built by NSA-35 in August 1953 and a second* a relay equiimient* 
in October 1953 • 

Five letters of plain text and the corresponding five letters 
of cipher are set on 10 dials which range from 1 to 20 * since 
only the letters steckered to the three 20' s wheels are involved* 
The 6's letters must be considered separately Motion is con- 
trolled by plugboard. Three electronic matrices* analogues of the 
old PURPLE ANALOG wheels* step automatically throu^ the full cycle 
of both encipher and decipher* or approximately 36*000 settings* 

At any point where the crib fits the cipher text the device stops 
to permit recording of the setting shown in li^ts. The device can 
be hand stepped. 

Size is 4'Hx2'Lx2'D and rate is about 6OO tests per 
second. They are located at Arlington Hall Station in room io6?-A 



Ref: Mr. T. McGuire 

Mr. P. Oyer 
Mr. K. Polly 
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7IEE1 maisE 

FIBlfi E?TGrI19E (CXG%) was an "inverted "BOMB!!!, a modification of 

% 

the statidard ZT-530 machine and Gimilar in all reepoetB except that 
relative speeda of the wheel levels were interchanged, A total of 
ei^t wore so modified hy 5Iavy in 1944. 

!Ehe joh accomplished is the usual BOIIHE! Joh, - given rotor and 
reflector wiring to recover atecker, rotor order and window settings, - 
hut additional information la used to shorten the run. The position 
of the fast and slow rotors are interchanged, permitting setting up 
a machine to take advantage of (l) Inoovi'n fast v/heel positions, or of 
(3) knov/n medliva vrhecl motion (called on H-Ebpplty nin), thus shorten- 
ing the runs. lEhis ccinrot he done conveniently on the standard lT-530 
or ir-1530* Wiring of the slow rotor in such runs represented the 
comhined effect of the slow rotor and the reflector plate. 

Size, speed and external appccronce of the machine remained un- 
changed h;/- the modification. Dimensions i/ore 7'H x 9'L x 3'^ and 
36^ = 456,976 tocta were made in about 20 minutes. All el^t are 
now dismantled. 



Hof: OIT-TS-ld 

3TSA-34 files 
lie. J. Stapleton 
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FOUBr-FOSIlEIOir ALPHA &ATS 

The rOHa-FOSITIOH ALPHA GATE (32 x 32 AIPHABETIO SDBSTITDTIOSr 
lUriT, POUS-POSITIOU 32 X 32 MATRIX) is a general purpose relay de- 
ol|dxerlng device which operated with an N0--4 SSTLECTIVE PUNCH, and later 
with a 797 COOBCINATINa BEPR0IX7GEE, doing enimmlng and differencing on 
mod 1 to 32 slimiltanoously for four positions. It was huilt hy 
Army, section m}QAS-92, in October 1946, and modified in 1950 to 
operate with a 797 COQBSINATINQ' RNPHODUCXR. 

The machine, a logical extension of the 10 x 10 J-SQ]0AI!]i! equip- 
ment, is designed to combine a pair of tetragraphs to produce a final 
tetragre^ in one machine cycle. There are fovir plugboards, a pair of 
20 X 34 plugboards for coordinate control, a 40 x 34 plugboard for 
matrix control, and an 8 x 20 plugboard for substitution. The groi^>s 
being combined may come from the senie or different cards. 

It measures 5'H x 6'L x 3'I> and operates at 100 cards per 
minute. Location is at Arlington Hall Station in room 1600-A. 



Ref: Ifr. N. Andrews 
Mr. S. Thorne 
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FREAK II 



FREAK II (AP3AF-31, AXlQ/l, ELECTRONIC FREAK, orginally 
MONOGRAPHIC FREQU£i4CY COUNTER) was an electronic frequency 
counter for making high speed monographic and dlgraphlc freqiuency 
counter for making high sneod monographic and dlgraphlc frequency 
distributions of up to 32 character text of great length. Of two 
olazme'd, F Branch of Amy built one exDsrmlental breadboard model 
in January 1950. The device counted characters In 5*“level tape 
and furnished an overall total. 

Input by a CZCO ta^ie reader or alphabetic keyboard was 
connected through 32 nlu^able leads to any of 40 resettable 
mechanical counters, each with 5 decimal place oanaclty. Seven 
of these served as scares and one was for the overall total. 
Results were typed on a GXCO regeneration typewriter. One 
function was to check the accuracy of tanes. 

Rate was 10 characters per second and size wns 5'H x 3'L x 2'D 
plus typewriter aad keyboard. It was basic and simple in operation 
and has been dismantled. 



Ref: Completion Report, May 1952 

H.A.C. 0utllne/$*47 
Mr. W. Cole 
Mr. J. Russell 
Mr. C. Schlerlman 




FREAK I (right) AFSAF 24 
The FREAK, Mm:.TIPLE FREQUENCY COUNTER* 
RELAY FREAK, CONDENSER FREAK 
and 

FREAK II (left) AFSAF 31 
ELECTRONIC FREAK, MONOGRAPHIC 
FREQUENCY COUNTER AXIQ/l 
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ISEWPEgGT SISmiZUTIOE DSTIGS 

The TJUi^jOENCY DISIZilBUTlOir BE7ICB v‘c.s a re?.c; (Isvlce used vlth 
a CXCO tap<^ reader, 405 T/BDIbfilQil end a 513 SUNiiARY PDITCE to make 
mono-aljiha'betlc freq.uoncy dlatrlTnitlons on llnltod apens of text. 

It wae hallt h;'' Amr, section Vl}GAS-''£, lu 1S49. 

She device used a sot of 32 counters to keep Individual totals, 
i. special character In the tape oet off a totaling;, listing and/or 
pundhlng c^'Xile and also react the co'mtors for the next distribution. 
Totals were usually recordod by the SmOUT.T FUHCH, 

The gate voaoured 3'H x 3'^ 3'^ rrte mpb 150 characters 

per minute. It Is noi' cJamantled. 




Ref 



Machine Sranch Annual Report, 1C49 
Mr. S. Thorne 
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KEY GENERATOR 



KEY GENERATOR 



was a relay analog of a number- 



stamping device to produce one-time pads for the 

A makeshift desk-model^ set up hastily by F Branch of Amy in late 1944 
for use in the operating section^ used a CXCO regeneration typewriter 
output. The second operated with a 513'HEPRODUCER. Work was begun in 
April 1945 on a companion equipment, the DEVELOPMENT NUMBER CONVERSION 
UNIT, and terminated in May because of the. War ending. It was a relay- 
type manual substitution device (6 x 2 ' L x 2 *D) to mechanize con- 
version of key numbers (representing step point of five numbering wheels) 
to development nimibors with results read frmi a bank of lamp. 



As in the origir 



device, the analog contained 4 ^ units of 




The desk model measured 4'H x 3'b x I'D and printed at the rate 
of 6 to d key digits per second. The IBM model produced SO lines of 
key digits per minube.and measured 6 'H x 2'L x 2'D. Both are dismantled. 



References: 

Ifr. D. Drlbin, {fir. B. Getchell^ Mr. F. Ikyol 
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|K!5r OMERATOR 

card-operated (loft) and 
Keyboard operated (right) 
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' GEHERAL FUEPOSB lOO wise COmCT HBLA-Y G4!EE! 



The G-E1723R&L PURPOSE 100 WISE COm.CT HEL4T QA.TS (APS4F-110 asd. 
lOQA., SELECTOR GATE, 100 RELAY GATE) is a relay device to Increase 
selector capacity of any hase machine connected with It. Army, 
section VLO^S-92, originally hullt two In 1947. A third was con- 
structed In 1950 and a fourth (APSAP-llOA^ containing its own power 
unity In 1951. They replace International Business Machine Corpor- 
ation's AR and RC gates (called 797* s, miscellaneous equipment) 
which were rental equipments used to do similar Johe. 

These are versatile devices and do a wide variety of Jobs, 
requiring special internal wiring or only plugboard changes. A 
40 X 34 plugboard makes all contacts interchangeable, and an 
8 X SO plugboard allows cosparlsons on numeric material. The gate 
Itself does no coogputatlons. 

One modification late In 1947 was called the SZIilGLE VTEBEL 
CHAIRIEG' TEST. It operated with a 405 TABULATOR and a teletype 



tape recorder to determlnei 






It has been dismantled. 



Model I of a ROUGHIIESS TEST RE7ICE was set up In 1949 and 
Model II In July 1952. The device read 32-character text by a 
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PL 86-36/50 use 3605 

G..ri'j;r.AL rTirr^jT.: loo l'iti!; contact relay cjate (cont'dO 

iloublo-l loaded l.ar" reader or Trora cards by a LO? TAPULATGR. Characters 
were dJ ctrit->uLed at I'jO or 600 per minute to the counters in the TAUUIATOR 
arrangoil to jirovlde tuo-digit counters for 32 categories and a four-digit 
coiuiter for totals. The result recorded on the TAEITLATOR or a 517 
3 Wl'A"Y riJ'ICH, was a frequency count of the text or of cliaracter differences 
and was limited to six digits. Model 1 was dismantled but Model II is In 
operation at ^Vrlingbon Hall Station in room 1700-A. 

ikioLher modification was the HAGELIII SETTING LOCATION DEVICE in 1949. 



It operates with an 077 COUjATCR to 




Rate was 240 cards prr minute. It has been dismantled and 
suporceded by AFS/lF-12 and other comparators. 

An interesting cryptographic use was made of one of these gates in 
March I960, called the ALPHABET CONSTRUCTION DEVICE (ALPHABET CONSTRUCTION 
CIRCUIT). It of'crated with a 513 REPRODUCER to create randomized edphabets. 
Characters were read from tape by a single-headed teletype reader, TDX, at 
600 p'*r minute and the REPRODUCER punched each letter into a card as it occir’red 
initialjy^ and ignored all subsequent ocburrences until the 26th character 
appe.nred, Ro-sst and repetition were automatic. 

The yJJ ll'J3lJT CONSTRUCTION PLUGBOARD was set up by NSA-22 in 1950. 

Tlic counti.TS of a 405 TjiBULATCR were used as mod 2 tube counters, with 5 and 
0 for plus anti minus. Each pulse added 5» non-carrying arithmetic, A ring 
of counters v/as set up and stepped hj KOKEN motion. A Baudot character 
\/as for::iod fi’f>ri readings at 5 selectable* points. 
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general purpose 100 VaRE CONTACT REL«T GATli; (Cont 'd, ) 



A count was made to determine the number of settings required to construct 
all 2 ' or 32 possible characters. The end product was a listing of the coift- 
plete KOKEN development, together with the character each setting produced 
and, at the last setting, the total number of settings. It has been 
dismantled. 

Another KOKEN - type usage is the relay analog called the 59~KOKEN DEVICE, 
wired in September 1952. It operates with a 407 TABULATOR to produce and 
record binary wheel settings for security study purposes. It completely 
simulates the key generation of the original 59-stage device at a rate of 
75 settings per minute and is still in use at Arlington Hall Station In 
room 1700- A, Sixteen selectable points for motion control and sixteen for 
key are read at each setting and combined in the gate using mod 2 addition. 
Boolean addition, multiplication, double delay and dilation (standing for 
one pulse). In addition, pluses and minuses in key are coTinted and the excess 
betvreen totals indicated. 

These gates measure 3'H x 3’L x 2’D and are available, for similar 
special jobs. They are Arlington Hall Station in room 1700-A in NSA-22, 



Ref: Machine Branch Annvial Report, 1949 

Mr, 0, Algren 
Mr, A. Duncanson 
Mr, W. Erskine 
Mr. J, Powers 
Mr, S, Thorne 
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SINGL'-; \JHESL GHAUlING D3VICE 
a aoecial usage of 
GENERAL PURPOSE 100-VJIRE CONTACT 
^(^iTinRSLAY GATE 

nr 1 1 'iJii iriffi rr 
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A15LIN SI3TTING LOCATION DEVICE 
a Modified 

3SNERAL PURPOSE 100 T41RE CONTACT 

jWQjrr^rrinr 
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OLID 

GLID (AFSAB'- 113 , Group Length Indicating Device) Is a relay gate 
first used with an HC-4 mECfXVE FDNCH, and later with a 797 COOBDINA- 
TZHG BEFElODUCI!R<'to Indicate hy appropriate card ponohes the length of a 
selected field. It was hullt hy Navy In 1949 and adapted for use with 
the 797 In the following year. Ilhe device eliminates tedious card 
sorting methods to determine length of puntdied field. 

The device reads a selected set of columns In a deck of cards, 
determines which Is the last column containing punching, end punches 
an Indication of this Into the same or a different card. Also, this 
length Indication may he used to control feeding of blank cards Into a 
collator In preparation for an offset slide of groups. The selected 
field tested may contain single blank columns, but not double or greater 
spacing. One use is In making rhjrming dictionaries which require reverse 
sorting of Irregular length «xtrles. 

GLID Is built Into the same frame with COLUMN ABBMGES GATE and 
the SUBSTITUTION DEVICE. Size is 4>E x 3'L x 3'D and rate is 100 
cards per minute. It Is located at Arlington Ball Station In room 
1700-A. 



Bef: Ihr. V. Hopper 
Mr. S. Thorne 
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GOLDBERG 



GOLDBERG (AIi'SAF-90) is a high speed general purpose 
comparator and scoring device, with magnetic drums, designed 
to compare 2 or 3 streams of data. It does coincidence 
and frequency counts, cribdragging, wheel stripping, transformations, 
pattern and round robin searches, weighting, distribution matching 
and calculation of certain statistics. Engineering Research 
Associates under task 9 delivered the one model to Navy in September 
1949. It replaces the 70mm CQI'IPARATOR and various others. Serial 
2 of SIGMAGE (AFSAF-28) was tried with GOLDBERG to limit the number 
of print-outs, but with indifferent success, 

A double-headed seven-level tape reader puts data onto one of 
the tvro magnetic tape coated drums, usually while the other is being 
analyzed, A drum has 32 tracks of 4740 cells each and memory has 6 
positions of storage for each track. Using the elements of the 
comparator unit (input translators, 36 x 36 matrix and 4-position 
counters), an nC2 calculator and various control components, all 
flexibly inter-connected, the machine does various counts, weightings, 
matches and calculations. It can apply an upper and/or lower criterion 
to each of the 36 coimters and the nC2 calculator v/hich computes 
^fi(fi-l) for any of the 36 counters. Attaining a criterion at the 
end of analysis produces a print-out of counter totals and certain 
other data at a rate of 3 seconds. per line. There are 3B four-digit 
numbers and 1 eight-digit number to' a line. 




GOLDBERG (Cont »d) 

Size of the machine is 9*H x 25 'L x. 3 plus console and 
printer. Character rate is 20^000 camparisons per second; bit 
rate is 20EC« It operates at Naval Security Station in 
room 20105* Plans for a GOLDBERG II (CXOT) were dropped when 
it was found ATLAS II woiild do all the required functions. 

References: 

Ift*. D. Hogan 
Lt. F. Sperberg 
Mr. J. Stapleton 
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GRANDDAD 

GRANDDAD (CXCCi, N-800, DOUBLE BOMBS) is acttially two N~530 BOMBES 
with common drive, and consists of 32 ENIGMA frames. Given rotor 
wiring, reflector plugging and a crib, it can find rotor order and 
stecker (end-plate plugging), light were ordered from National Cash 
Register Company, but five were cancelled. Two were delivered in late 
1944 and one in early 1945, 

Operation is the same as for a standard BOMBE, except a crib of 
up to 32 letters may be used, instead of only 16 letters. It tries 
all possible stecker combinations until it finds one which satisfies 
the menu (crib-vs-cipher letter pairings), when it stops, prints a 
record and continues testing, 

A 3“Wheel run takes 50 seconds; a 4-wheel run takes SO minutes. 
Dimensions are 7’H x SO’L x 3’® , or slightly less than twice as long 
as a standard BOMBE, All three are stored at Mechanicsburg, Pennsyl- 
vania, along with the rest of the BOMBE equipment. 



Ref: Cdr, 2, Greenwood 

Mr, 0, Higgins 
Mr,' R. Nothnagel 
Mr. J. Stapleton 
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GYPSr 

GYPSZ (CXMR) was a relay strip cipher analog to mechanize 
routine decryption of JN-87 traffic. Two were built by National 
Cash Register Company of Dayton, the first delivered to Navy in 
1945* Plans to send the second to FRUPAC at Pearl Harbor never 
materialized. 

Thirty strips represented by plugboards were chosen daily from 
the 100 two-sided strips available, taking care of pre-arranged 
omissions and reversals (interrupter pattern) in the plugging. A 
set of switches took care of other variables. Input for cipher 
text was a 4^Kana keyboard and output for plain text was to a 
CXCO regeneration typewriter, both being mounted on a metal shelf 
across the front of the machine. 

Size of the control unit was 5'H x 5'L x 2'D plus 5 cabinets 
6 'H X 2 *L X 2 'D. Rate was at 6 to 8 characters per second. They 
have been dismantled. 

References: 

GIT paper 32 
CIT-TS-25, 30 
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EAfiliLIlT ZSY GMBRATOB 



Tho HA&ELIlSr KEY GEEMAirOR (xio MSAS Eo.) la a relay gate uaed 
with a 513 BEEBOBUCER lor the simaltaneouB production of 6 elementa 
of alphabetic key from th^pattems of six: HAG-ELIB wheels. One model 
of IM AEiALOO left Idle, .by the dlsaiqsearanee of L0B6KELIAW traffic 
vaa modified, to slsn^ate HAOELIN pattern wheels and completed by Anny, 
aeetlon WDQAS-92, In iipril 1949. 

The patterns of the six wheels are recorded on six lewela of an 
IBM card, and wheel motion is represented by a horlaontal cyclic off- 
set. fingboarde select- the appropriate positions for readlstg and 
translate the stuns of the "kicks” or. offsets into alphabetic key. 

Bata is read in by a 513 BEFBODUOEB whi(^ also punches results into 

■ r:. ■ . . 

cards* There are checlclng circuits to help accuracy. 

Slse la 2’H x yL x 2*B plus a 513 BEFBOBDCEE and rate is 600 
elements of key or 100 cards per minute. It is at present in stor- 
age at ^llngton Ball Station in Boom 1700-A. 



Beft Interim Beport JiPiO Bo. 5812, IT -061 
Machine Brandi Annual Beport, 1949 
Mr. J. Powers 
Mr. S. Thorne ' 
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HAG£lIN 



TJSST DEVICE 



The HAGELIN DEVICE (AFSAF-3CA| ODD 

KICK DETECTION DEVICE) is a relay gate used with a 519 RSPRODUCEB 



and a CXCO tape reader to test 

I 

wheels. It was built by Amy, section VIDGAS-92, in Jloveinber 1949< 

are re^ from 

tape by a CXCO reader, stored consecutlyely and offset hy gang 
'Wiching into seccesslve columns and levels of an IBM card, after 




Agree- 
ments and disagreements are recorded by the 519 REPRODUCER and listed 
on a 4<}7 TABULATOR, permitting the analyst to study the ratio of such 




About 800 or more characters of cipher are needed. 

The device measures 2'H x 2'D. Iteite is 100 cards per 
minute. It is still available for use at Arlington Hall Station in 
room 1800-A. ' 



Ref: Mr. S. Thome 
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EELLCXC II 

HELLCAT II (AESAF-LSSA) is a relay hand-tester and deeljdierlng 
device which comhines two letters at a time to produce cipher or 
plain. Only two of the four units planned were huilt, NSA-35 de- 
livering them in June 1953* The ronalnlng two were cancelled. 

The keyboard input is located on a desk nearby and the memory 
(a relay storage unit), adder unit coder and ring circuit are all 
enclosed in a small table 2'H x 2'L x 2'D mounted on casters. A 

e 

CXGO regeneration typewriter sits on top and serves as output. 

Twenty characters, usually key, are typed on the keyboard, converted 
to a corresponding number in the coder and stored in one of the 
twenty storage cells in the form of five-level Baudot impulses. The 
ring circuit controls the level of storage used. Cipher text via 
the keyboard is then combined with the stored key by means of an 
adder unit, a set of 15 relays which add characters by pairs, modulo 
26. The output, reconverted to letters, is page printed on the type- 
writer. 

The device will have no plugboards as in HELLCAT I. . Its rate 
of operation is up to 6 or 8 diaracters per second. It is located 
at Naval Security Station in room I323. 



Ref: Mr, N. Christopher 
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HOILE 



HOYLE (no AFSAF #) is a relay decipherer to mechanize de- 
cipherment of Playfair cipher messages. The one model was built 
by NSA-S2 in July 1953 as a desk-top crypto-aid. 

Input is by keyboard; output is to a CXCO regeneration type- 
writer. The first keystroke stores the initial half of a playfair 
digraph in the relay unit and the second stroke starts the analyz- 
•ing sequence which results in printing a pair of plain teacfc equiva- 
lents according to the plugging of a square. Dimensions of. the 
square at present are 6 x 6 » but this could be modified to a 
smaller rectangle with but little difficulty. 

Size of the relay unit is l'Hx2>Lx2*D plus keyboard and 
typewriter. Rate is up to 6 or $ characters per second. ' At 
present the device is in storage at Arlington Hall Station in room 
•1500-A. 



Ref: Mr. S. Thome 



NSA Form 7B1-C10S 7 Jul 52 



March 1954 




HYPO I - III 



HYPO (CXEA) is a 35 nmi photoelectric film comparator used as 
a statistical GRENADE to locate starting point of traffic from an 
ENIcaHA with knovm reflector^ stecker and wheel order. Eastman 
Kodak Con?)any delivered to Navy a pair of HYPO cameras in 1943 
(325 target capacity, 4'H x 8’L x 3'D) and a pair of projectors 
in late 1943 and 1944. A third camera and card reader pair, built 
jointly by Eastman and International Business Machines Corporation, 
arrived in 1945 and is called Serial 1 (of Model II), A fourth 
camera called Serial 2 (of Model II) remains undelivered, stored 
in Rochester. Both have 676 target capacity. Navy built two 
more projectors. The first, csQ-led Model I with complete disregard 
for the earlier model, was mostly the work of Lt. Steinhart, and- 
was finished in 1946. Model II was finished in 1952. A special 
equipment called LETTERVffilTSR SUBSTITUTION TRANSFERRING DEVICE was 
developed to make automatic substitution in preparing message tapes. 

The card-reader and camera operate together to produce a 
master and a cipher film. The master film contains a graphic rep- 
resentation of all possible encipher links throu^ the reflector, 
slow and medium wheels for the full alphabet in the form of digraphs. 
The message film consists of cipher text deciphered throu^ the 
stecker substitution and the fast wheel, then combined with 3 or 



more high frequency letters to produce digraphs which are merely 
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HYPO I - III (Cont»d.) 



input-output pairings. The projector matches the tvro films photo- 
graphically to find the point of maximum coincidence^ stopping auto- 
matically to permit hand recording at a hit. There are 30 frames 
in the gate and 5 coltimns of 26 possible spots per frame. The 
ICKT II Camera (CXHR) can be used to produce HYPO film. 

The equipment tends to be bulky* the smallest item being the 
original projector* 4'H x 2'L x 2'D and the largest the readers 
for Model I and II* 6'H x 7'L x 3'D • Rate of comparison is about 
10*000 items per second. The two latest cameras and readers are 
in use at Naval Security Station in room 20209. The latest two 
projectors are in room 20210. All the earlier equipments have been 
dismantled. 



Ref: Brief Description of RAM Equipment 

CIT paper 33* 6l 
CIT-TS 9 * 21, 24, 34 
Mr. G. Kier 
Mir. J. Stapleton 
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I. C. MACHINE 

The I. C. MACHINE (AFSAF-7 and -8, CXCM, I, C. PROJECTOR) is a 
general, pui^jose photoelectric comparator designed to match two 
portions of text on photographic plates at every overlap and locate 
either the point of maximum Index of Coincidence (l.C. ■■ Number of 
coincidences divided by number of comparisons) or the several posi- 
tions vriiere l.C* exceeds a pre-set threshold. Eastman Kodak 
Company bxiilt 6 for Navy> the first in August 1942* Two vrere 
diverted to Arlington Hall in 1943 together with the Vane Camera 

(AFSAF-6) and the I.G. Plate Camera (AFSAF-9) for photographic 

\ 

text onto plates* One (AFSAF-7) was modified in 1947 to handle. 

35nmi tapej the Lucite Rod Camera (AFSAF-IO) produced the film for it* 
Two lengths of text are photographed onto 1” x 4“ ^ass 
plates as a 30 x 600 field of clear spots on an opaque background* 
A clear balance track of length proportional to text length and 
identification data are also added. The plates are placed in the 

i 

projector gate and slid past each other as li^t is beamed through 
them. Li^t from matching clear spots (indicating text coincidence) 
is wei^ted by a photoelectric cell and matched against output of 
another photoelectric cell receiving li^t from the overlapped 
balance tracks (exactly proportional to overlap of texts being 
compared). IVhen the ratio . (l.C.) of these two currents exceeds a 
pre-set amount> a neon li^t flashes and the operator hand records 



I AL 



I. C. MAOHDB (Oont'd.) 



the setting. Only one other machine* the 5202 COMPARATOR MARK II> 
has such a vide gate* 600 frames. This is restricted to 128 
frames when film is used. The device handles numerical or literal 
text and is con^letely general in usage* but experience has shown 
that I.C. studies must not be used Indiscriminately to build up 
depth on tmknown traffic. 

Size is negligible* less than I'H x I'L x 2*D and an average 
effective rate of ccanparison is about 1000 matches in 4 or 5 
seconds* or 1500 frames per second when film 1$ used. In spite 
of extensive redesigning by the manufacturer the equipment has not 
been as useful as hoped* so all but two* one for plate and one for 
film* have been dismantled. Both of these are stored in the attic 

s 

of building 20 at Naval Security Station. 



Ref; M.A.C. Outline #12 

C.I.T. papers 1* lA* 71 
Mr. J. Stapleton 
Mr. L. Wheatley 
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KEYTINDER 

KEyFIMDEa, {M'JiS/2^ AUTOMATIC COLUMN STRIPPINO UNIT, NUMERIC 
EEIPINDER) was a digital key tester or depth tester, used with a 
405 TABULATOR to try prohahle key against an overlap column. Six 
type 931 SLIDE-RUN gates were huilt hy and rented from International 
Business Machines Corporation in 1944, and two were converted to a 
EBIFXNDISR hy section WDOAS-92. The first one, in 1945, was dis- 
mantled and the second built in 1948, It contixmed in. use xuitll 
replaced in December 1949 by SKATE and SLED equipments. Navy used 
a combination of IBM equipment and MERCURT to do the same Job. 

The original plan was to apply 'the full 10,000 keys possible 
in a 4-dlglt system to all groups in an overlap column 3 to SO 
de^» Instead, the machine assumed successively 95 hi^-freqpeney 
groups at each group in an overlap column up to SO deep, applied 
key thus derived against the remaining groups in the colximn and 
tested resulting possible plain groups against a recognition bank 
of 300 hl^-frequency groups. 

Later, two 5-position 10 x 10 matrices were added making the 
use of oiidier, crib and key more flexible. This modification, made 
in 1948, further changed its capacities from 4 digit only to 3, 

4, or 5-dlglt, set depth limits at 3 to 16 , permitted from 93 
to 19S hi^-frequency crib assumptions, and from 3OO to 1500 
groups in the recognition unit. A log wel^ting feature ranging 
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EBYTIBIMl (Cont'd.) 

from 1 to 7 vas also pro7ided. Input and output vero still throng 
the 405 TABULATOR, and record vas made of all keys for which the numher 
of recognized groups exceeded the preset threshold. The first model 
contained 5 channels to accos^lish simultaneous decipherment throu^ 
5 random s<|uaree. This feature vas eliminated on the later model, 
elnce only the defunct Jap Army used "square arithmetic" keyings. 
Veldts and recognition groups were set up on plugboards. 

The gate itself consisted of five leaves or frames, hinged to- 
gether and measured 5^B x 6*L x 3'D plus a 405 TABULATOR. Garda 
were read at 150 per minute, giving up to 20 x 150 « 3000 tests 
par minute. All special circuitry was removed and the gate returned 
to &ttematlonal Business Madilnes Corporation. 



Ref: Machine Branch Annual Report, 1946 

M.A.C. Outline Ro. 18 
Mr, J. Powers 
Mr, S. Thorne 
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The KSI SINTHESIzm (STimGEON EM SYlSTHESim) Is a pattern 



generator which prints out 



It applies to 





traffic produced on the 



(Jenaan-hallt on-line teletype cipher device and was huilt hy SSAi-23 
In 1950. 




for Identification. 

« 

The machine consists of an I£H key1x>ard, a I'H x I'L x 1*1) 
comhiner unit and a CXCO regeneration typewriter. Bate is 6 to 8 
characters per second. It is in operation at Arlington Ball Station 
in room 2048-A. 



Bef: Miss V. Collins 

Mr. G. Stahly 
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lETTiS.WB.ITM ECptBtEHT 

The term LETTERWEITM EQJIIPMEKT (APSAP-96, 0X00 PERPOEATED TAPE 
EQjJIPMEET) refers to a unit of three standard commercial machines 
for processing 7/8 inch perforated paper LBTTBRWEITBR tape and also 
for 11/16 inch teletiSn^ie tape. Serving as a two-way link between 
Information printed in page form and in mechanically-readahle per- 
f orated form, the CXCO provides input or output for a large numher 
of the analytic machines. It is not Agency developed and not ana- 
lytic in the strictest sense, hut is Included here hecause it is so 
completely adaptable to a number of the analytical processes or 
auxiliary to others^ and because punched tapes and cards still handle 
the greatest part of a].l data during processing. 

Several hundred such sets or units, composed of BEADER. BEGEB- 
EBAIION TYPEWEITEB and PUNCH, plus various minor items suhh as the 
the Junction box (chime box), pulse counter, etc., have been pro- 
ofed since April 1942. Such units, originally i^oduced by 
Electromatic Typewriter Corporation, an IBM subsidiary, are now pro- 
duced by the independent Buccessor. Commercial Controls Corporation, 
under the commercial name of Plexowriter. 

Versatile HATTEEV and many other machines are logical modifica- 
tions and extensions of this equipment. For strai^t production of 
page copy from tape, the cheaper COPY MACHINE (a BECrENERATION TZFl^ 
HBITEB minus the tape-punch control) is often used. A similar special 
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LISTSKWEITER EQmH'lEISn? (Cont'd.) 

purpose PUNCH CONfBOL TYPBWRIiDHE with no solenoids and only 5 
translator hare under the keys, operates a tape punch and easuiot he 
reader^oontrolled to do tape~to-print work. 

Bate of operation ranges from 4 to 12 Characters per second* 

The three pieces are usnally mounted on a 2'H x 5'L x 2'D dolly, 
with the BEABER and PUNCH, each I'H x I'L x 2*1), placed on either 
side, and the BECMEBAIION TYPEWRITER in the center. Such units are 
found in various locations. Paster readers, writers and puntdxes are 
being sou^t and found, so eventually the equipment may become obso*- 
lete, but is most useful at present. 15-level tape equipment (CXCO-2), 
developed throu^ commercial companies, is now available. All GXCO 
XqjjIFHENI in the Agency has been redesigned and Inqproved recently 
and la now called GXCO-1. 



Bef« 




CZT paper 34, 62, 63 
H.A«C. Outline No. 46 
Mr. R. Nothnagel 
Mr. J. Bussell 
'Mr. J. Stapleton 
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MATRIX GATE 

The term MATRIX GATE (AFSAF-104, 798 SUBSTITDTIOlir GATE) refers 
to one of a set of rday derices used with 797 COORDIEATIEG BEEBO-’ 
EUCERS to perform rarlous suhstltutions on 5 and 10 dharaoters of 
text. All twelve were purchased from International Business Machines 
Corporation in 1951. The J- SQUARES and the lOOR-FOSITlOE ALPHA GATE 
are predecessors to this equipment and MAITEEtf does a eonparahle Joh. 

Six are for alphabetic data, with pluggable 32 x 32 matrices. 
Of these, four handle 5 characters at a time and two handle 10 
characters. The six numeric ones have 10 x 10 pluggable matrices, 
four of which handle 10 (diaracters at a time, and two of which onljr 
5 characters. The numeric gates can do normal, false, or minor 

i 

differencing. Each has its Internal power supply but can not operate 
independently. Results are checked by double con^tation. 

Sizes range from 5'E x 5*L x 3'E for the large 10 position 
numeric down to 3'H x 4'L x 2'1) for the small frame, 5 position 
32 X 32 alihabetlc. All operate at 100 cards per minute and are 
now In use at Arlington Hall Station in the four Ar>buildlng wings of 

f 

Section HSA!-82. 



Refs Mr. 0. Algren 
lb:. J. Powers 
Mr. S. Thorne 
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MATTHEv/ 

The term MATTHEW (AF3AF-104, 104B, CXCX) covers a family of general 
purpose substitution and comparing devices, used for differencing 
and combining two punched paper tapes character by character on any 
modulus UT> to 26 using ncax-carrying arithmetic. About 9 models of 
guch equioment were built. The first (CXCX, MATRIX MAGHIjJE, M-26) 
by Navy in January 1943, had a fixed 10 x 10 matrix mounted in a 
CXCO LETTERWRITER dolly, with the usual CXCO reader, regeneration 
typewriter and punch set on too. Later models include a 10 x 10 
oluggable matrix, a fixed and a oluggable 26 z 26 matrix, and a 
oluggable 32 x 32 matrix (AFSAF-lOA)^ this last in an upright 
relay rack. The latest model is a pair with a 36 x 36 pluggable 
matrix (AFSAF-104B) built into old PYTHON-VIPER frames set on a 
a desktop. LUKE and JOHN are specialized modifications and the 
several IBM MATRIX GATES are card-operated equipments having 
Identical functions. The output of a 10 x 10 pluggable MATTHEW 
was connected to a 10 x 10 FREQUENCY COUNTER and called MATTHEW- 
SIMON, BASE 10. Matthew replaced Array's JMA DECIPHERING DEVICE' 
and other substitution devices’ as well. 

Basically, the device consists of two readers or a double 
head reader, a relay matrix, a CXCO regeneration typewriter and a tape 
punch. Innut is by keyboard and tape, or' two tanes and out nut is 
to a regeneration typewriter ahd/or piinch. Thus the machine can 
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L>Ui^ rii^jdi^ x~ 



yth 



jffiHMCCont'd.) 



decipher literal or nvimerical text, or can combine two tapes accord^ 
Int to almost any rule of combination. Plugboards make substitution 
possible on input or output. 

The dolly housing the relaye of early models measured 
2'H X 5'I> X. 3'H* An upright or rack-type MATTHBInT measures 
6’H X 2*L X I'D. The newer desk-top models measure 4'H x 5'I> x 3'D. 
Operation is a 6 to d characters per second. They are located at 
various places, for example, the desktop MATTHEW is at Arlington 
Hall Station in room 2054~B, and the two of the latest models at 
Naval Security Station in room 4152. 



Ref: MAC Outline #5 
CIT paper #95 
Mr. R. Brondei* 
Mr, F. Mayol 
Mt. J. Stapleton 
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NOMAD 

NOMAD (AFSAF-DBl throtigh D88) will he a eystem of M^-speed 
electronic mase-data-handling equipment with all the capahllitiee 
of a counter, hut with design em;^8is on its huge data handling 
capacity rather than on computations and operations on individual 
terms. A typical use will he a large-ecale sorting Joh which it 
will accomplish 100 to 3OO times faster than current IBM equip- 
ment* !Ehe idea of such a machine was suggested in 1946 and studies 
of mass data handling methods, started hy Navy in February 1949, 
led to a contract on ? September 1951 with Eaytheon Corporation for 
one operational model due January 1956* 

El^t pieces of peripheral equipment, 4 for tape and 4 for 
card, will convert data onto 6-level magnetic tape at a rate of 240 
characters per second from punched tape, or more than 380 hharaoters 
per second from cards, or 85 per second from chadless tape. There 
will he two units to convert magnetic tape to page copy on a 407 
TABULATOR. Information on these magnetic tapes will he read in and 
out at a rate of 14,000 characters per second. A GXCO tape punch 
will he provided for output of brief, infrequent answers. 

In the main machine, 4 FITS, Primary Internal Tape xinlts, 

g 

will each store 10 hits in the form of 36-hlt words on 36-level 
magnetic tape. This is equivalent to about 2 million IBM cards 
per PIT. In conjunction with automatic monitor registers, four 
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magnetic core boffeire vill act as interim storage, each accepting up 
to 128 words from its associated PIT and feeding it into the main 

memory and computation units as needed. The hi^ speed memory vill 

# 

he a unit of 36 magnetic core matrices, 3^ 3C 32 , having a 
constant access time of 20 microseconds and a 1,024 word cegoacity. 
There will he an auxiliary drum memory with a SSp"^ « 16,384 word 
capacity. The control section will use 3~£^i^ess instructions, each 
consisting of a 6-hlt order code and three 10-hit addresses. Soth 
progreai end data will he handled in the main memory. There vill he 
special cryptanalytlc orders to facilitate such diaracter manipula- 
tions as modular arithmetic, masking bransfer, automatic repetition 
and Jun4> orders based on distinguishing between nomhers on the basis 
of size, sign or pattern. 

Bepetltlve operations on large sets of words vill he at . a rate 
of up to 50,000 words per second for short stretches or 14,000 
for continuous operation. The main machine vill occupy 5,000 
square feet of floor space, end the peripheral equipment, 2,000 
sqiiare feet. It will he delivered at Ft, Meeide, Marj^and. Poten- 
tially one of the most useful of all the machines, it is also the 
most expensive (4 to 5 million dollars) and the largest. 



Pef: Hr. S. Hogan 

I'tr. J. Hyduke 
Mr. J. Powers 
S. Snyder 
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OBOE 



OBOE (XFE^ also called KEY DERIVATION for COLERIDGrE^ a term also 
applied to the COLERIDGE KEY SUBSTITUTION DEVICE) was a special 
purpose relay aribtester for COLERIDGE isomorphic depths of two. It 
was btiilt by Navy in 1946 and has been superceded by PICCOLO 
(AFSAF-37)* Earlier* Navy cancelled plans for FLUTE* a crlbte^ter 
;^ilch was to have been a prototype to OBOE. 




The device was desk-like in arrangement and measured 
5'H X 6’L X 3’D . Operation was at the operator's own speed. It 
has been dismantled. 



Ref: M.A.C. Outline #(>2 
Mr. J. Eachus 
Lt. R. Marmet 
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0*HAILEr 

0 'MALLET (AF3AF-95* GXHT) is an electronic digital calculator 
for finding sums of cross-products, nie card reader and relay 
sections were built for Navy by Commercial Controls Corporation and 
the electronic section by Ihgineerlng Research Associates. The one 
model was delivered in December 194^> 

The machine applies to problems requiring sums of products* 
such as flagging* inversion of large circulant matrices or matching 
frequency distributions with a known universe. The reader-printer - 
is simply a two-card feed mechanism to handle multiplier and multi- 

4 «. 

pllcand decks* as well as the printing mechanism* control panels and 
plugboards. Each card holds as many as 35 signed four-digit 
numbers. 

The reley unit stores values read, from the cards and the re- 
sultant sums of products. An electronic tmlt scans these values* 
feeding them by pairs into counter rings and adding their product 
into a 10-ring accumulator of 10^^ cajpacity. These sums transfer 
to the reader-printer for recording, i^ecial coding is used in the 
cards* and output is in printed form only. Negative numbers are 
caressed as the cosiplemant of 10 • 

Input is at the rate of 30 pairs of cards per minute and 
print-out is one line of 30 characters per second (20 characters 
for identification and a 10-dlgit answer). Each answer is coitgputed 
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O'KUXET (Cont'd.) 

and returned In A25 milliseconds. Size is 2 cabinets totalling 
6'H 3C 17'L X 2'D plus reader-printer console 4'H x 5'1> x 3'D » ' 

requiring l6' x 32* floor space. It is now at Arlington Hall 
Station in ro^ 1530-A* 



Refs Hr. D. Hogan 

Hr. J. Stapleton 



‘tijOilf 









OIHIS (iTSiT-]S7) Is a gensrallsed vlrsd>rotor ralay aaaloct a 
general porpose salMtitution derloe designed to dxgplloate the fhnotlon 
of angr wired rotor aaflhlne of 19 to ten 36-posltlon rotors.' A oon- 
traot with Inglneerlag Besearoh iasoolates for Its oonstmotlon was 
oanoelled and I8A-36 hoUt It Instead. It was dAHwared In October : 
1962 and la tmed to aid in stndles of wired rotor cipher derices. An 
OPEZS OOMPiBffi (FToJect 362-419-60-^) was poqpletod it) Jaanarp 1963 to 
operate with OFBIS and later with BIST OPHIS to ootmt instances where 
input to a Base coBtes oat at the saaie position. 

The nadhine con be used as a. 10=rotor derice or as two 6-rotor 
derices. Tape or keyboard Input is prorided for both sections. It 
contains a ooBpletai7 pluggable rday wired-rotor analog in whidh 
stepping can be controlled b7 Intomal deaents or by tape. It can 
do enciphering and declphMrlng. using two 60 x 3d plugboards, and 
ten 8 X 20 plugboards. Bwking ell elsBants pluggable. 

It consists of a T^sheped table 3'E x lO'L x 3*D badked against 
fire radks of rdlay eqplpsient. 6'H x lO'L x 2*0. On either an of 
the n la a t^ie reader, tape pundh and 0X00 regeneration typewriter 
whldh llBilt the q^aed to 6^ or 8 dharaoters par second. It Is 
looatd at Xoral Secorlty Station In Xom 17114. 



Bef I H3A-34 files 

E. Ohrlstopher 
iSv, Xrsklne 
Ur. E. Sengplebl 



e ONriDENTlAL 




OFHIS 
AFSAF D57 
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FIGGOLO 1 -19 



PICCOLO ( AFSAF-37) la a.spsolal purpose r^Iaj eribtestar and 
daelpherer far applying erlba throueli a given aUbstltublon to a 
pair of iaoaisriiiio CQUSUXS nseaagas. Four models Mere bullt« the 
first MSV>35 and later ones fay one each year from 194d to 

195I*' Serial 2 of modd. I? «aa oouqpiLBted In Septeiidl)er 1952* Tbaae 
siqisroede . the Navy (BOB and the ptLanned FLUTE protot yp e >. 




FOr each setting triedj the nadilne autcoatically prints out ^ latiere 
of poeslbla plain on a GZCO regeneration typsHriter* liodelB III and '19 



bare prqylslan for 



speelal typewrlterv which print 



if desired* 



^Rie first tMO unite were table-top else, I'H x 3'L x 3 'D* 



Later 



are relay rades* 5*N x 3*1> z 2^0 plus typSHriter* Mbdal 2 



hae been stored and model 111 hae been dismuitled, but the resialning 
2 modsls* II and I7« are often regpr e d to as models H and III. There 
are nos 3 PICCOLO'S In. use at irZlngton Hall Station in room 2D5lv-B» 
Rate is 6 to 8 characters per secand. 



Beferenees: 

R» Christopher 
Mr. Cr. Lockhart 
Kcm F. Hayol 
Ifrs. L. Fokorskl 
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IBBSEHSIBO' niOH 

• 1 ^ EEUSailBSIHa FUBOE mm a aodlfioatlon of a 617 BEFBOBDinB 
FUIIOE or snHKiBI FDIQS, a ooqplotoly gaaoral lapat-outpat dorlea 
uhloli oporatod with otlur oqplpiiento to do dlgltol enoSpliosrlaf and 
doelpharlag itoliig arltbaotlo or ■n'bBtitatloB, oa qp to flTo diglto 
■at a ttM. It vaa a rontal ogiljnent dorolopod la 1B44 for tho ira 7 
1 i 7 lataraatloBBl BmIbooo Ibdhiaoo Oorporatloa aod aado miMtitatloao 
at a hle^lier rate of speed than aiqr prevloao EEK aetliod. ¥af 7 *o 10-4 
OOOBDi m . T IB& BSEBOODOK r^aood 'both It aad the BO-3, aad vu ItoOlf • 
replaced Iqr a KABE II aodel (iTSAr-dS), now cdled the 797 OGOBSEBAB- 

I 

IB9 BBEBOODOBE. , ' 

Xhe aaohlae had two seta of 80 readlag hmahea aad oae set of 
80 ponoh BB 0 ietB plua 80 dlglt-Beieotoro. Xaf aad olphar were fed 
la froa oae deOk. Xha extra oet of hroaheB, laataliod one ogrole 
before the pnuflilac atace, peraltted eoqpatatloaa to ha paaehad Into 
the aaae oard froa vhloh the haaa Infomatlpa oana or Into a aev 
deoka VLth anxlllaj eqplxoMat the —***»* -ir ooold or 

aad poaeh a reeord of the reeulte, all ta oae epole. In itaalf , it 
doea no eoagiatatlon, aerrlag onlj aa a haaa BBChlaa, 

It aeaaared 4'H z 3*L x 8 'D aad operated at a rata of 100 
earda par alnate. ill hare haan retoraed to Intematloaal BnalaoBa 
Mhchlne Corporation. 



Befi Hr. 0. Algren 
Mr. J. ETdnke 
Hr. S. Thome 
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FOBELS EBT SEVICI 



fhe FUBPLl EBI UE7ICX vas a tengporar 7 ooimaotion of tha fUBILl 
iXALOa and a 514 SBPBOBTOSl used to derelop alphabets In the w a diln e 
ejole. It vaa set iq? bj HS^82 In March 1953 for a one-tiM Job. 

On the strength of studies of 



the retired FUBFLX AllLOO was gotten out of storage and put Into 
working order. It was mn throng Its full cjtile of 26^ or 16»686 
positions, (fhe three 25>poaltlon *80* s* wheOls only, since the 
”6 'a* wheel Is always considered separately) and the resnltlng en- 
oipher^4eclpher alphabets catalogued on other eqiolpnent for deorpi^ 
tlon and study purposes. 

Analog slis was I'E z 3'L z I'D plus a 514 BSEBODUOIEU 2ate 
was 100 cycles per alnute. Although now dlsaantled, It would be 
easy to re-conblne the pair of equlpaents If needed. 



Bef> Mr. S. Thome 
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RATTIER 



RATTLER (CXLS) me a relay analog for the Japanese JADE 
machine (a telephone selector cipher device producing JN-157 
traffic) to recover starting points through eadiausblve trial. 

National Gash Register Gosq[>anar built three for Navy, the first 
In Hay 19A4* Flans to send one to Fsarl Harbor mre cancelled 
and It was eventually cUsmantled. The other two were modified - 
in October 19A4 to apply interchangeably to either ^-idieel 7IFSR 
or FTEHCN problemsa Auxiliary equipment Included a cable 

continuity dheckerf a relay cheoksrf a test oscillator and plu^ 
board test. There was an vniiq)orbmt tape-operated pre-punch verifier 
built for Navy about 1946 which was called RATTIER for a short idille. 

The machine tested a 5. or 6 letter crib against cipher throng 
a fall qycle by tracing cipher text through the 3 moving rotors, and 
matching the results for possible circuits. These last 2 rotors were 
hand stepped between messages and were not InterchangeahlB. The systeai 
used 50 characters, 25 each In upper and lower ease, with each half 
enciphering only to Itself. There were 25 plugboards, one per letter. 
Each board, containing the rotor wirings and the 10-day stacker, had 

I 

25 Inputs and 625 outputs to a detector circuit. At a hit, canslstlng 
of 5 or 6 points hob In tlM same column,' the machine stopped to Indicate 
the eadstenoe of required circuits and showed the setting on neon lights. 
Glpher Input was by GXCO tape reader. 

alee was 7'H x 9'L x 2*D plus tape reader and rate was a full cycle 
tested In about 10 minutes. They were dismantled. 



References: CIT-T3 23 and 33 

Kr. J. Stapleton ...... 

Mr. ^•3'tukBZ_ 



NSA Form 7BUC10S 1 Jul 52 



I 



r^mrasss-jsisgsgg 

ritssKissss:^ ' “ ' 







0^r 

»««8SS:SSSS!S* 



■a 






U: 




















*Wt 



■ ‘-j 














V— fli. 









K/ ■ 



1 ^ r r.#)« 

■r f 0 , 

' «««*«« Jy- 






»'VVi ' !T 'i-*»'- 

' :;,> V.tf « 

^ ^ » F ^ « ®Vl - - 



Q t;; 



r." 



K—^ 



.0 




o • 









..•••■ 






V,..' 



^ « 



o 







TOP 



i3rEjri|Aj^iQ-^P 8 






FROTH 



EO 3.3(h)(2) March 1954 

RL 86-36/50 USC 3605 

EOB 



EQE (A1TSAB-B98) is 



a special purpose tape-operatecL relay de- 



elpherlng device for STI3EGB0IT traffic, 



The STUIUrBOB ABAL0& supplies “both suhstitution and transposition 
key tapes, and BOB applies these to cipher. A pair of douhle-headed 
readers permit three tape inputs at a time, usually cipher text tape 
and two key tapes. The resulting plain values are printed out on a 
CZCO regeneration typewriter. Its present use as a st^lement to the 
ABA.L0G is limited due to a change In the traffic system from use of 
one-way tapes to miiltiple daily wheel settings, thus requiring the 
AML0& to do the full joh. ROE is still useful for fitting out-of- 
jphaso mensages in shallow depth, and will he in use again whenever 
wheel patterns change and must he recovered. 

Size is I’H X I'L X I’D , plus two douhle-headed readers and 
a 0X00 regeneration typewriter. Rate of speed is 6 to 8 characters 
per second. At present it is stored at Arlington Eall Station in 
room S048-A. 




Ref: 



Miss V. Collins 
Mr. e. Stahly 
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BOSE 



BOSE (j&ESAF-B55, DEPTH-B1&EIE& CHIBXHAOaEB) 1b an electronic 



orllidragger for depths of tvo in SfUROEON 



Prohahly 



the first electronic desk- top crypt-aid ever huilt, the single model 
was huilt in 1951 hy lISA-35. 

T]^ to 20 letters of crlh are supplied hy tape or BeoBand cards 
and two cipher messages in depth are read hy a douhle-headed tape 
reader* Output is to a CXCO regeneration typewriter and/or tape 
punch. 





The analyst 

may then try to read text from these Irregular lines. Wel^t sum- 
ming is accon^llshed in binary counters, and printed in decimal form. 
Wheel patterns and stacker and consequent function must he known. 

Input is at the rate of 1 character per 4 seconds and out- 
put is at 8 characters. The several pieces of equipment in the 
unit fit comfortably on a table. It is now in use at .Arlington 
Station in room 2048-A. 

Kef; T/GA 15/50 

Miss 7. Collins 
Miss E. Miller 
Mr, 6. Stahly 
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W13GAS-92, in April 1947. 




The patterns of the 



were repre- 



sented on six levels of an IBM card and automatically offset hy a 
26 position class selector to produce the effect of motion. The 
full cycle of the cipher device could he reproduced In four and 
sometimes two cycles of the analog. 

The device was mounted in the cover of a 20 x 34 plugboard on 
a 513 HEEBOnJGER and measured I'H x I'L x I'D. Bate was 100 cards 
per minute. It has been dismantled. 




Eef: 



Mr. S. Thoxne 
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SIGMA 

SIGMA (APSAF-120, TWO-FOSmoN GATE) Is a relay adding device 
used with 797 COOBDIlilATIlTG BEFIROEUCEE number Jd to do modular 
addition on two positive numhers read from a card. It was hullt hy 
ESA-23 In late 1950. 

The cosQ>utatlon Is true arithmetic, and selection of modulus 
is hy an 8 x 20 plugboard. Two numbers from 00 to 99 are 
eoiqpared to find A-B or A<B. For either case, the selected 
modulus may be employed before confuting A B . Both factors are 
read from a card and results are punched Into the same or a different 
deck. 

Size Is 3'H X 3'^ ^ and rate Is 100 cards per minute. 

It is available but unused at Arlington Hall Station in room 1700-A. 



Bef j Mr. S. Thorne 
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soraijs POSITION comparing collatob 

The SINGLE POSITION COMPARING COLLATOB was an 077 COLLATOR, 
rewired to provide 32 separate and distinct comparing positions, 
all inter-connectable in any desired manner. Three of these were 
built bgr Army, section WlX3rAS-92, in September 1946. In 1949, an 
072 COLLATOR was similarly modified to handle aljdiabetlo material. 

The first device was used for pattern search in digital 
materiel, testing several different patterns simultaneously. The 
special wiring was throu^ the regular 20 x 34 plugboard, per- 
mitting plugging of any pattern(s) of any length up to 32 . Input 
was by IBM cards, and at a hit the card in question was sorted into 
a different pocket. 

Bate was 240 cards per minute and size was 4'H x 4'L x B'S. 
The three modified 077 COLLATORS were recently dismantled but the 
modified 072 COLLATOR is still available at Arlington Hall Station 
in room 1600-A. 



Ref: Machine Branch Annual R^ort, 1947 
Mr. S. Thorne 
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SLED I 



SLED I (APSAF-73. 4LPHABETI0 SLIDB-HUN MACHINE) is a general 
pxirpose analog computer, capable of a great variety of analytic 
operations. Two have heen hou^t from International Business 
Machines Corporation. Serial 1 was delivered in January 1953 aud 
Serial 2 arrived in July 1953. They replace MERCURY, SLIDE-RUN, 
EEYEINDER, SKATE I and II and other equipments. Plans for one or 
two SLED II *8 are still under discussion, hut as yet no specifica- 
tions have heen drawn. CONSORT ( APSAE-DYB/IO , GROUP I.C. ATTACH- 
MENT) has heen added to permit making 4- or 5 -digit group 

comparisons and to evaluate an Index of Coincidence of the groups 
matched over a span of up to 3 OO characters. 

The device is card-operated and has a 48,000 character mag- 
netic drum with revolvers, delay line storage, two pluggable 
32 X 32 matrices, a 2000 pentagraph recognition unit, a statis- 
tical evaluation or comparison unit, and provisions for wel^ts 
over a range of 1 to 127 • It is capable of notched wheel or 
wired rotor decipherment, d^th search, keyfinding, crib-dragging, 
coincidence counts, group I.C. counts, fractionation, chaining and 
other operations. Operation is controlled, not by program as in 
most conqputers, but by Interconnecting machine elements and by 
plugboard wiring. Emphasis on data-handling rather than digital 
computation and large numbers- of simultaneous rather than serial 
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operations are the outstanding characteristics of the machine* 
Poise rate is 120 K«C. and drum rate is yf 20 BFU * per~ 
mitting 30*000 cleoipherments per second and up to 30 million 
pentagraphic comparisons per secozid. Physically, the machine is 
L shaped, each arm being about 7'H x 20 'L x 3'D, plus a 797 
COOHDINAHNO BEFfiOSUCM, They are in operation at Arlington Hall 



Station in room 1530-A, 




Ref: 



Mr. J. Hyduke 
Mr, J, Powers 
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SKATE I and II 



SKATE (AFSAF-71 = CXNQj AFSAF-71A * CXOS) is a high speed crib- 
dragger for reading depths* slide-run and keyfinder jobs. Both 
models irere bviilt for Army by International Business Machines 
Corporation and delivered in January and December 1949* They served 
partly as pilot models to SLED (AFSAF-D72)* of ^diich they are only 
abbreviated versions* and supercede Army's SLIDE-RIM MACHINE (AFSAF-29) 
and KEIFir’IDER. 

Model I was limited to cribdragging in COLERIDGE traffic* for 
» 

isomorphic depths of tvro. Model II is much more flexible and general* 
able to do cribdragging* slide-nans and keyfinder jobs. All SKATE- 
SLED equipment uses special input-output devices. A modified 072 
COLLATOR is the input and a special 517 SUMMARY PUNCH or a 797 
COORDINATING REPRODUCER is the output. Both models try each of 192 
cribs in message A * 



Key may be tried offset up to 9 position. Cribs and recognition 
banks are set on plugboards. Model II has an additional feature* a 
device for applying weights of 1 to 9 and an accumulator. 

Model I measured 7'H x l6'L x 3'D and II is 4 feet lower. 
The 15 KC pulse rate is the same for both* permitting testing 192 
cribs at one position and cheeking against 2000 recognition groups 
in .12 seconds on either model in a cribdragging job. Model II 
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SKATE I and II (Cont'd.) 



also does 21jl00 decipherments per second^ checking each against 
the 2000 group recognition bank. 



but 



the latter is in operation at Arlington Hall Station in room 1530-A. 



Ref: Mrs. D. Blum 
Mr. J. Powers 
Mr. J. Russell 
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SLED I 
AFSAP 72 

ALHIABETIC SLIDE-RUN MACHINE 
CXOA 
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SLOT MCHIllS 



SLOT MA.0HIHB (XTJ, 13-V/HEEL DEVICE) was a solenoid operated 
deciphjerlng device used to remove known key In certain weather 
systems. It was hullt hy 1^-35 In August 1950 to mechanise 
tedious hand decipherment. It was planned as a pilot model, hut 
due to Its cumhersome operation was the only one hullt. 

The machine contained 13 wheels, each 18 inches in dlsjaeter, 
whose sanded Incite circumference was marked off into 10 equal 
segments. On this rim synoptic data could he pencilled. Five 
pushbuttons controlled stepping comhlnations (motion of sixth 
wheel equals sum of motion of first and fifth wheel, motion of 
seventh wheel equals motion of second and sixth wheels, etc.}. 

It permitted use of semi-skilled personnel on a highly skilled 
joh. Operation consisted of inscrihlng standard synoptic data 
on the wheels seml-permanently, setting the v;heels according 
to each message in turn and hand copying the data thus aligned 
in the window slots. 

Size was 3*E x 3*L x 3*D and rate was about one operation 
per second. It opera.ted at Eaval Security Station for a while, 
then v^as sent to the museum and later dismantled. 



References! 



Mr. K. P. Cook 
Mr. F. Sims 
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STORK 




STORK (XFA) was a alowrspeed relay slide-run, device for placing 
a long crib against cipher by recognizing cyclic and roughness* 
The one equipment was built by Navy in November 1949 and was used on 
COLERIDGE traffic. 

Input was a CXCO tape reader. Each of the five bats on the tape 
was wired to each of five chains of thyratrons which operate a stop 
circuit when fired by a strong enou^ current. The device tried a 
30-letter crib at successive points* allowed a slide of up to 30 
positions* calculated roughness statistic and stopped 

the machine when the statistic exceeded a preset amotint. Output 
was in the form of lights revealing pertinent data. 

Size was 7’Hx7‘Lx3’D and rate of comparison was 4 to 6 
characters per second. It has been dismantled. 



Ref: CIT papers #96 

NSA- Technical Library 
Mr. J. Stapleton 
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STUEGSON M4LOG 



She STUBGEOlir MALOG (AFSAP-IOG) applies to the German-huilt 
STllBGEOlir on-line teletype keying device (SFM T52C» T52D, and T52S) 
used hy the A total of 6 waa 



hullt hy NSAr<22, the first in December 1949. Three still have the 
old wheel patterns of 



patterns. All handle types C, D and E and their various wheel 
patterns. 

The analog contains 10 pattern wheels (73, 71, 69, 67, 66, 63, 
61, 59 , 53 and 47 in length) and the stepping controls as In the 
original cipher device. As now used, plain or cipher is read on a 
double— headed teletype reader and output is to a CXCO regeneration 
typewriter and/or tape punch. A tiny plugboard on the front con- 
trols the stecker, determining which 5 wheels are concerned with 
substitution and which with transposition. A switch permits writ~ 
ing out either type key for study or other use. 

Sise is l'Hx2*Lx2*D plus double-headed reader, CXCO 
regeneration typewriter and tape punch. Bate is 6 to 8 char- 
aoters per second. All 6 are now in use at Arlington Hall 
Station, 5 in room 2048-A and the other in room 0413-B for use 
with IDA. 



Bef: Miss 7. Collins 
Mr, G. Stehly 
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SUBSTITUTION 11SI7ICS 



The SUBSTITUTION BS7ICB (AFSA7-113) is a relay gate used with 



aa NC-5 PATTBBN PUNCH to perform simple suhetitution on up to five 
columns in a card. It waa huilt hy Navy in March 1949. 

The device will recognize characters, 0 throu^ 12 , 

and A throu^ Z . Suhatitution for all five positions is con- 
trolled hy a pliigboard but Is not unique and ind^endent of other 
columns. Besults are punched into the same card. 



The SUBSTITUTION BBTICE is built into the same gate with GLID 
and the COLUMN ABBANGM. Size is 4'H z 3'L x 2'D and rate is 80 
to 90 cards per minute. It is at Arlington Hall Station in room 
1700-A and available for use only after some rewiring, since no 
NC-5 now exists. 



Bef: Mr. S. Thorne 
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TAN ANALOG 




TAN ANALOG (AFSAF-4S, TAN MACHINE, LONGFELLOW ANALOG) designates 
a set of relay analogs designed to 



usage in LONGFELLOW traffic. 



Used mainly to generate key^ they could also set 




pattern wheels, decipher and encipher. Traffic Includedj |but 

not IN POGODA system vdiich was a double-tape on-line usage. 

At Army, sections WDGAS*-74, 7^ 92 built a total of 7 such 

machines. Navy's two similar analogs, MARTINI AND INITRAM, are 
described under those headings, 

j f 

A major component of HIAWATHA (CXNO, a projected wheel' setter) 
was to be an electronic analog of TAN pattern wheels. Work under 
task 20 at Engineering Research Associates was suspended when the 
system disappeared and continued under LciO, task H, as a generalized 
study of a wheel analog. 

In all models it is necessary to 




The first model in April 1947 by VJDGAS-92, consisted of two units. 
The TAN SETTING GEN*ERAT0R (AXIE/I, TAN MOTION GENERATOR) was a small 
plugboard attachment operating with a 513 REPRODUCER tc develop motion 
patterns only. The first such unit ^'ras mounted on a board and a later 
model in a 20 X 34 plugboard cover. 
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TAN AN^iLOG (Cont'd,) 

Its working mate, the Tj\N KEY RECORDER, AXKB/1, Ti\N KEY REPRODUCER) 

was a small plugboard attachment to an NC-^ SELECTIVE PUNCH (AFSAP-A2) 

to combine motion and wheel pattern to produce key. Size was 1*H x I'L 

X I'D and rate was 50 keys per minute. 

The second model also operated vrith a 513 REPRODUCER, incorporating 

motion and key production in one unit. It also was built in April 1947 

and added a comparison circuit for checking results. Size vras 

3'H X 2'L X 2'D and rate was still 50 keys per minute. 

In ' October 1947, three of a third model were finished and all 

these earlier ones dismantled. Plans for three more vrere cancelled. 

Size was 2'H x 3'L x 2'D and rate rose to 100 keys per minute, A 

circtiit was added in 194^ for producing key parity. One of these 3 

was made into the MODEL TAN GENERATOR, "a reduced version for cycle 

study to include finding branch points. It contained three wheels of 

variable size, later in 1948 this same gate was re-wired and became. 

the BINARY MOTION SETTING GENERATOR, a generalized pattern wheel 

EO 3.3(h)(2) 

analog, also for cycle studies. It was dismantled, pi_ 86-36/50 USC 3605 

These five machines alone .-jenorated about four million digits of 
key, for use in the operational sections. Experience with these led 
to development of the AFSAF-12 CbMPARATORS and the associated AFSAF-13 
KEY GENERATOR. 

In'. July ^VDGAS-74 built a relay TAN ANALOG (LONGFELLaV, LONGFELLOW 
which used 6 loop-tapes read on solenoid-operated 



ANALOG FOR 



reader heads to simulate notched vjheels. Cipher text could be read in 
by a TDX reader, with results being punched on a CXCO tape punch. 

Plans for a second and larger one, called a SEQUEOTIAL SETTING TESTER 



FOa 



were cancelled. Size was 3'H x 3'L x 2'D and rate was 



about 6 to 8 characters per second. 

TOP SECRET TROTH 



NSA Form 781-ClOS I Jul 52 





TOP 

EO 3.3(h)(2) 

TAN ANALOG (cont‘d.) PL 86-36/50 USC 3605 

In December 1947i WDGAS-76 tjompleted a Tan Analog (AFSAP-4S) 
for key generation and deciphering. The wheels were represented by 



having electrical contacts set aroiind 



the rim and read by wiper arms. Notch patterns were set on plug- 
' boards^ and output was a key tape from a CXCO punch. Size was 
5 'H X 3 '!< X 3 'D and speed was 5 characters per second. It was later 
modified to do key generation only and used as an aid to cycle studies. 

The' usual procedure 'with all these machines was to produce key in tape 
for use on other equipments* Two of the third model built by V/DGA5-92 
are now at Arlington Hall Station in room I 6 OO-A, and the model by VJDGAS-76 
is in the museimi. The rest are dismantled. 



Hef: E, R. A. Final Report, Task 20 

M. A. C. Outline #53 

Machine Branch Annual Reports, 1947 > 194S, 1949 

Mr, F, Mayol 

It:, J, Powers 

Mr, J. Russell 

Mr, R, Sykes 

Mr, 3, Thorne 
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•smnUcLY MOTION SETTING GENERATOEl 



The TMTI4E7 MOTION SETTING GENERATOR was a relay device used 
with a 513 REFRODIJGER for simulating 



It was hunt by NSA-22 in February 1950. 




Wheel settings were recorded continuously on a 513 BEEBO- 
DITGEE in 6 levels of a card. Wheel set-up was controlled at the 
time of punching the first card. Motion was simulated by cyclic 
offset within the card. 

Size was 2'H x 3’L x 2*0 and rate v/as 100 cards per 
minute. It was dismantled after the key study was finished. 



Ref: Hr. S. Thome 
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TESSIE I (TESSIE 3S, SYMMETRY SEf^UENCE MACHINE) is the 



posthumous designation of a photoelectric film comparator and 
tetragraph tester biailt for Navy by Eastman Kodak Company in 
1942 , and called simply TESSIE with no numeral designation. When 
ICKY I, a second model tetragraph tester, arrived in 1943# Navy called 
it ICKY while Amy, unaware of TESSIE I, called it TESSIE (AXQE), 

At that time the original tetragraph tester was modified to do symmetry 
search only and was then called TESSIE SS or SYMNETRY SEQUENCE MCHINE. 
The nomenclatvire problem was further befogged by (l) a third model 
tetragraph tester (called TESSIE II, AFS/iF-ll), built by Amy in 1945 
and by C2) unfruitful plans at Navy for a fourth tetragraph tester 
to be called ICKY II (CXNR), Film for TESSIE I was made by a 35mm 
cameras which also supplied ICKY I, 

As used for symmetry search, the device consisted essentially 
of a film advance mechanism and an electronic scanning system. The 
first character of text on the message film loop actuated a master 
photoelectric cell which scanned the next 20 letters of text while 
a mask representing A to Z passed across each position of text. A 
repeat of the initial character caused a punch in two 70mm tapes, 
one white and the other black-and~red. These tapes, superimposed in 
a viewer (a particular device but no nomenclature to identify it) and 
scanned visually position by position through a triangular guage, 
allowed the operator to detect blackouts, or a diagonal of red spots 
indicating the presence of symmetry in the cipher. 








TESSUE I (confc'd, ) 

Size was 6'H x 7'L x 2*D and rate was about 5 minutes to search 
a pair. The camera was less than a cubic foot in volume. It v;as tape 
controlled and ran at 6 characters per second. TESSIE I has been 
dismantled. 



References: 

Brief Descriptions of RAM 
CIT paper 9 
Mr. H, Loflnk 
Mr, J. Stapleton 
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TESSIE II 

TESSIE II (AFSAF-U) is a general purpose photoelectric 
35mm film comparator and tetragraph tester. Array personnel 
added the II after delivery of a pair by Eastman Kodak Company 
in 1945 to distinguish it from (a) ICKI 1 which had erroneously 
called TESSIE and from (b) Navy's TESSIE I (TESSIE SS) of whose 
prior existence Amy seemed unaware. At firsts a tiny camera 
supplied the 35mm film. It was replaced by ErUTE camera and currently 
by a pair of BRUTE II camera and storage units (AFSAF-5) which 
concentrate more information and identification data on the film. 

The device offers nothing new in principle or function over 
ICKT I, all modification being merely for operational convenience. 

Its function is to search for tetragraphic or larger repeats or 
patterns up to the limit of the 35 column wide gate. 

Size is 4 'H X 2 'L X 4'D. Rate of the motor-driven film is still 
3500 frames per second as in ICKY I. Both are located at Naval 
Security Station in room 20210. 



References: 

Mr. G. Kier 
Mr. H. Lofink 
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THHBSHOLD DISCRIMINATOH 



The THRESHOOEiD DISCHIHUSATOR was a relay gate which operated 
With a 405 TABULATOR to count digits, in effect, and to locate and 
identify any digit occurring more than a predetermined number of 
times. It was built by Army, section WDOAS-92, in 1948 specific- 
ally for the This operation ie now done by the 101 



M.EGTBONIC SORTER and HORACE (APSAE-116). 

The TABULATOR, over a span of 50 columns in a card, sequen- 
tially read all punches on the 9's level, 8's level, etc. 
Occurrence of a given digit was made to Increase the voltage of a 

s 

tube by passing a pulse through & bet of from 2 to 15 matched 
resistors* When a preset voltage value was reached, the tube 
energized a relay to produce a listing on the TABULATOR of the 
digit which caused the listing. 

Size was about 3'H x 2’L x 2'JD and rate was 150 cards 
per minute. It has been dismantled. 



Ref: Machine Branch Annxxal Report, 1948 

Mr. S. Thome 
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TOPAZ 



TOPAZ (CXEK) \ms the relay analog of a Jap strip cipher system* 
Intended to mechanize decryption of large volumes of JM-11 and JN-25 
traffic X7hich never materialized. Two such equipments were built 
for Navy In March 1945 at US Naval Computing Machine Laboratory. 

Up to 50 strips* each 20 digits long* were set up on plug- 
boards and selected 20 or less at a time by switches. Cipher text 
tjas supplied by keyboard or tape reader* with the analog automatic- 
ally applying the key elements* non-carrying. Resulting decoded 
values were tsqjed in 4“ or 5~digit groups as desired on a CXCO 
regeneration typewriter. Code values for these groups were then 
looked up by hand. The provisions for 5-digit code were never used. 
Key could be used either as additive for deciphering or subtracter 
for encipheidng. Internal setup was indicated at all times by a 
panel of lights. The strip-selection feature and ability to read 
across the resulting rows made columnar transposition possible on 
the machine. 

The machine measured 6*H x 4’L x 3'D \d.th a metal shelf in 
front for tape reader* digital keyboard and regeneration typewriter. 
Rate was 6 to C characters per second. Both machines are now 
dismantled. 




Ref: 



CIT paper 31 
CIT paper 43 



NSA Form 781-ClOS 1 Jul 52 



TOP SECRET FROTH 




March 1954 



XEAGK-ZN TSST DS7ZCS 

The TBAGE-IN TEST DE7ICE was a relay gate ueed with a 513 
BEESODDCER to find hranch points for oyele studies. It was built 
by Ariqy, section VEQ45-92» in Sq[>tember 1949. HiDTO (AESAF-30) 
now automatically does this type testing for branch points. 

Pour wheel-patterns were stored in cards, althou^ only two, 
the 25 and 23 , were wheels In the usual sense. The two 12 
wheels were simulated by fixed plugs. Buies of notion were Inyolwed 
and were. In part: 1) The sign on the 23 wheel two cycles pre- 
vious determined dilation (standing) of the 25 wheel; 2) The sign 
on the 25 wheel three cycles previous determined dilation of 23 
wheel. The BEFBOEUCER continuously recorded 23 and 25 wheel 
settings. The card held 25 positions of key which, by sorting, 

I *“ 

permitted determination of exact point at which cycles began repeat- 
ing (l.e., - branchpoints). 

Slse was 2'H x 3'I* 2*P plus 513 BEFROEUGM, and rate was 

100 characters per minute. It was dismcuoitled. 



Bef: Mr. S. Thorne 
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TEAITSPOSITIOIT EECOGKITION DEVICES 

TBMSFOSITIOD BECOCNIflOE DEVICES (4XEB/l) refers to a set of 
five relay units developed for use with IBM equipment for anagram- 
ming keyed columnar transposition systems. Xhey were built by Javay, 
section WDGAS-*92, in the spring of 1946 to r^lace hand methods. 

Only one of each was built and all are now dismantled. 

The DECOCNITION MAQSAMt>{IE& DEVICE was used with a 513 KESFKO- 
DTJCE& FQETCH to search a 4-column field for any of fifty 4-digit 
recognition groups which were wired on a 20 x 34 plugboard, and to 
punch a log wei^t into a card for each group recognized. By an 
earlier sorting, 5-digit material could be bandied. The device con- 
sisted of 153 wire-contact relays, measured 2’H x I'L x 2'D and 
operated at 100 cards per minute. 

The C0LUI4N SELECTIOH DEVICE operated with a 513 BEFEODDCEE to 
select for reproduction one of ten columns in four fields tlmul- 
taneously. Selection was controlled by a punch in a master card. 

The device consisted of 45 wire-contact releya mounted in a 20 x 34 
plugboard cover and rate was 100 cards per minute. 

The BIEABY ABEANCIEO DEVICE operated with an NC-4 COORDINATING 
REPRODUCER to Inter^cospare 5 binary numbers and arrange them in 
order of magnitude. This rearranged set of 5 was punched back into 
the card it came from. In 1948, an automatic checking unit was .in- 
stalled. The device consisted of 35 relays mounted in a 20 x 34 



CONriDENTIAI : 




TRAKSFOSZTIOIir BECOGNITIOH BE7ICES (Cont'd.) 

plugboard cover and operated at 100 cards per minute. 

!Ehe SimY DIF&'ESENCim and CHECEINO OmCZ was usually used In 
conjunction with the B1N.&BY ikSBABOniO BE!7IC3 Just described and an 
XrC-4 COQRDIBATIBO BEESODUCEB to calculate and check differences among 
the 5 binary numbers being arranged by the preceding device. It 
consisted of 38 relays in a 20 x 34 plugboard cover. For bhecking 
the circuit was duplicated and the entire coinputation done twice. In 
1948 these last two were rebuilt, housed in the same 3'H x 2'L x 2'D 
frame end called BIKABY miMdim end DITTEBraCINa DEYIC15. Bate was 
100 cards per minute. 

The COMMOB SHDRT-GOLDM IDESITIFICdTIOB JJfETICE was attached to a 

405 TABULATOR and a 513 S3!P2.0SUC£R which could do summary punching. 

It operated on the differences obtained by the preceding device to 

determine possible short column lengths common to the four blnarily 

espressed differences. Lengths from 11 to 40 were recognized 

automatically and cases with no common length were passed over «dille 

favorable cases were listed on the TABULATOR. Differences over 255 
/ 

were arbitrarily considered to have all lengths possible. The device 
consisted of 201 wire-contact relays and operated at 150 cards 
per minute. Size was x 3 '^ 3C I'D. All these equipments have 
been dismantled. 

Ref: Interim Report, JFAG’ Rb. 1236, Misc. 050 

I^chlne Branch Annual Report, 1947 
Mr, J. Powers 
Mr. S. Thome 
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lower right 
upper right 
lower left 
upper left 
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VIVIAN (AFSAF-12, D12B) covers a family of general purpose 





with Transducer Corporation, indicated that delay line circuits 
would be superior to magnetic binai-y circuits in a comparator 
and this led to VIVIAN I, known orginally only as MUL COMPARATOR, 
MiSRCURY DELAYLINE COMPARATOR, ASAF-12 (X-l), now AFSAF-12, or 
FLYING SAUCER. It was delivered in February 1951 by Tecbnitrol 
Engineering Company. JMJNY (AFSAF-13, PATTERNGENBRATOR, ELECTRONIC 
PATTERN V/HEEL) is the external companion key generatoij built 
locally at that time, 

A contract with Transducer Corporation in April 1950 produced 
the second member of the family, a MAGNETIC BINARY COMPARATOR 
or ASFA-12 (X-2), now AFSAF-D12A, which itas only partically 
completed but never acquired the ViVIAN name. It failed its 
test and the contract was closed. VIVIM II (AFSAF-D12B), a 



second delay line comnarator using quartz crystals instead of 
mercury, is due for delivery ly Denver Research Institute in 
April 1954- Plans were cancelled for a STORAGE TUBS C0>1PA?J\.T0R 
(AFSAF-49), a logic.-il member of the family of electronic 
comrarators which also never acquired the VIVIAN name. 



% 
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VIVIAN I-II (Gont’d) 

VIVIAN I is finding application to the HAO.<iIiIN probleinj 




This sequence is cycled constantly at 2 kilocycles 
per second pulse rate. The pattern of as many as 




Totals 

are matched against a preset thresholc^vdrm a hit occurs, the machine 
completes that comparison cycle and stops to indicate on lights 
for manual recording the intemil setting toge ther \vith the amount 
of excess over the' threshold. The experimental AF3AF-D12A used a 
locally built pattern’ generator for input and an AFSAP-44 DIGITAL 
RECORDER for output, 

VIVIAN II has a quartz delay line memory, used JFNNY 

* 

for input and offers several improvements. The most novel 
is a built-in osciloscooe which at a hit displays the memory 
contents as a 20x2$ airay of bits on the scope face. New memory 
circuitry pennits making use of short messages for faster cycling, 
the pulse rate ranging from 2 KG\per. se cond for messages 500 long 
up to 6.8 KG for messages 100 long. 
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CONFIDENTIAL 
VIVIAN I-II (Gont’d) 



VIVIAI^ I measures 7'H x 4’L x 2‘Dand VIVIAN II slightly more. 
The PATTERN GENERATOR, measures 7*H x 3'L x 2'D, At 2KC guise 
rate, a 5-wheel cycle requires from 30 to 45 minutes. Nodel I 
Is in use at Arlington Hall Station in room 1530-A and model II 
will operate nearby. 



Ref: T/GA 16/51 

Vf. Davidson 
I'ir. J. Russell 
Mr. G. Schierlmann 
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VlviiW I 

AFS.IF12 FLUNG SAUCER 
mercury delay line CQMPiUlATOR 
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WARLOCK I AND II 



V/ARLOCK (AFSAF-D79*CXNK, AFSAF-D80sCXPB) is an electronic 
massage setter capable of high speed decryption and statistical 
recognition of plain text rotxghness. Uider task Engineering 
Research Associates of St« Paul^ Minnesota, completed Model I in 
Febriiary 1951} Model II is due for completion in November 1953* 
Model I has a 4-blt weighting matrix or weight shifter developed 
by Engineering Research Associates under task 24, URSA, and Model II 
has a similar one for 3~bit weights. The statistical evaluation 
unit, an accumulator, is completely general and could be built into 
other equipments. 

Model I is specifically for liagelin. 



Output is to a CXCO 
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regeneration typewiter. At a hit, the machino prints out v/indow set- 
ting and excess over the criterion. An optional decryption print-out 
is available at the rate of 5 letters a second. 

Model II is completely general, using five 32 x 32 matrices to 
simulate ary wired rotor devices v^hose wiring and stepping patter 
are knoivn. Its span is 80 characters, with provisions to use this 
as two sets of 40 characters. Size of Model I is a pair of cabinets 
totaling 7'H X 40 'L x 4'D plus typewriter and power units occuping 
1600 square feet of floor space, 

TOP SECRET FROTH 





WARLOCK I AND II (cont«d.) 




Model II is I^shaped i!iO>L on an arm and about 6'H x occupying 
2400 sqiiare feet of space* Rate is 100 KC per second for both* The 
pair are. being kept in St* Paul, available for operational use. 



Ref:' Mss M* Hobbs 
Ifr. D. Hogan 
M** J* May 
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WORK-BACK MACHIKB 

^ The WORK-BACK MACHIKE was a handteater forj | 

on the T52G STDRGiiON, used to find the initial setting when 
hreak-ln occurred in the middle of a message tape. It was huilt hy 
WSAr-82 in early 1950. 

Onie device mounted 10 notched wheels (?3. 71, 69, 67, 65, 63, 
61, 59, 53 and 47 long) in a frame, permitting the operator to in- 
terplug them so as to control substitution or transportation, and to 
step them as desired by hand. Li^ts on the front panel ixidicated 
wheel notch activity to assist choice of settings at each bran^ 
point. 

Size was I'H x 2'L x I'B and operation was at hand speeds. 

It was used at Arlington Hall Station and is now dismantled, its 
work being done by other devices. 



Bef: 10.S8 V, Collins 

Mr. 0. Stahly 
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5202 COMPARATOR, MARK I 



The 5202 COyJARATOR, MARK I (AFSAF-4, AXGQ/1) is a highspeed 



general purpose I. C. comparator to match photoelectrically a large 
voliime of text on 35niniiilm» It was built for Army by Eastman Kodalc 
Company in March 1945 and after satisfactory tests, was transshipped 
to GC and CS for use on the TUNMY problem for about a year. The 
associated camera, synchronized with a built-in key generator, is 
called AFSAF-4/1. 

A pair of 35mm films containing literal or digital text is 

matched in a gate 80 deep by 500 wide. This field is usually 

considered as two fields of 40 x 50O and matched for high I.C. 

expressed as a ratio between the two fields. Weighting of scores 

» 

is possible. Threshold is preset by a dial and at a hit the machine 
stops, permitting visual stuc^ and hand recording of approximate 
location. The camera was origina0.1y tape operated, but later modi- 
fied to accept cards. Operation with a HAGSLIN key generator unit 
has also been tried successfully. 

The comparator measures 5'H x 2'L x 4'D plus a small coimter 
unit and operates at 3000 frames per second. The camera with its 
built-in generator measxu*es 4'H x 6‘L x 3*D and exposes film at 
up to 635 frames per second. Since its recent overhaul and modi- 
fication it is now available at Naval Security Station in room 20210, 




Ref: 



MAG Outline j!?10 

The 5202, ANCRAD Technical Paper 
Mr, J. Deutsch 
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70mm COMPARATOR 

The 70mm COMPARATOR (APSAF-2, CXCN, RAM-4) is a general purpose 
photoelectric comparator to count coincidence and pattern repeats 
betv;een tirfo texts punched into 70mm paper tapes. Probably the 
oldest of the cryptanalytic devices, its conception dates back at 
least to 1937 when M.I.T. built the BUSH MACHINE (named after 
Dr. Vannevar Bush), prototype to the 70ram COMPARATOR, and d^ivered 
it to Navy upon completion. It was used briefly and stored until 
1942, then was used again until the first of the four COMPARATORS 
(CXCN), built by National Cash Register and Gray Manufacturing 
Companies, was delivered that year. 

The se'oond (AFSAF-2, RAM-4) was delivered to Army in August 1944# 
alon^ with AFSAF-3,- the associated punch. Including the BUSH 
MACHINE, five comparators and six punches vrere built, Reed Research, 
Incorporated, of Georgetown, D.C. delivered SIGI'IAGS (AFSAF-28, 
SIGMAGE CONTROL, PRINT SUPPRESSION DEVICE) to Amsy in September 1949 
and a second to Navy in April 1950 for use \dlth GOLDBERG which 
supercedes the 70mm COMPARATOR, i 

The machine matches two loops of tape, each holding as many as 
2000 characters in the form of perforations in any of 32 levels. 
Required patterns or conditions of coincidence are preset on a 
plugboard. Twelve photoelectric cells scan the tapes at all 
offsets through a 10 column wide gate. Originally a record was 
printed after each cycle, but SIGMAGE permitted setting a threshold 
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COMPARilTOR (Cont'd) 



and reducing recording to as few print-outs as desired. An optional 
circuit provides a means of stopping the machine when a particular 
event such as a pentagraphlc repeat occurs. 

Together, the three units which make up the COMPARATOR measure 
about 7'H X 9'L x 2<D. Comparisons are made at the rate of one 
offset tested in .4 seconds. All but' one are dismantled, and that 
one is In the museum. 



Ref: Brief Descriptions of R.A.M. 

C.I.T. paper # B2 
Lt. F. Sperberg 
Mr. J, Stapleton 
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TQom OCatPARATOB 
A9SAF 2 

“THB OOMPABATOR, « CXCN, gAH - A 
, , ■used with 

cIGMOE (FarUT SUPRBSSIOM DEVICB) 
Ail'S AP 23 (cetitdx* tbst ) 
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701 SHPM 

The 701 'Sim (SLEiOTROIIIG DATA EROCDSSINO MACHINE, DEFENSE 
GALCCLATOR) Is an eloetronio parallel computer capable of mathe- 
matical and statistical functions. Serial 1, rented from Inter- 
national Business Machine Coiporation, arrived in May 1953* There 
are plans for a Serial 2 in the coming year. 

The conq?uter operates in parallel on all hits of a word (digits 
of a hinary number) simultaneously and can distinguish between two 
numbers by sign or size. Input is from cards by a printer type 711 
CARD READER or from one of 4 magnetic tapes , all under program 
control. Output is to a 716 ALPHABETIC PRINTER and a 721 FUNCHBD 
CARD READER. There are three types of memory storage. Cathode ray 
tubes provide the primary electrostatic storage holding 2^^ ■ 2,048 
words of 36 bits each, with access time of 12 microseconds. 

Each of four magnetic drums holds 2^^ => 2,048 words with access 
time of 40 milliseconds. Each of four magnetic tapes holds ]up to 
approximately 1 million words with recall rate of 800 microseconds. 
Additional drum and tape units may be added. Various standard IBM 
equipments provide for interchange of media. 

Control is much the same as in ATLAS, with addresses advancing 
one each time unless specifically altered. The arithmetic unit con- 
tains a 38-lJit accumulator, a 36-bit M-Q register (for Multlply- 
Qnotient) and a 36-bit memory register serving the same function as 
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701 BDEM (Oont'd.) 

the X-regleter in ATLAS I. The 36-hit words may he handled effectively 
as two 18-hit words if desired. There are no special analytic orders, 
l^ogramming is based on a single address system. 

Phirsically, the machine consists of 12 units ranging from a 
3»H X 3‘1 X 3'D card reader to a 6'H x 7*L x 3*D calculator unit, 
in total requiring about 1500 sqpare feet of floor space. Pulse 
rate Is 100 EG, affording 16,666 additions or 3,193 multiplica- 
tions per second. It is in operation at Arlington Hall Station in 
room 1730-A. 



Ref: HSA-83 files 

Mr. J. HydulsB 
Hr. P. Johnson 
Hr. J. Young 






- 2 - 



KEF ID:A60928 

SECRi fr 



Brief Descriptions of Analytic Machines 
Third Installment 



NSA-34 

NSA-35 

2 August 1954 
VIheatley, LeRoy H, 



This third installment consists wholly of photographs. Further 
Briefs, completed since issuance of the Second Installment, will 
presently be distributed as Fourth Installment, These B x 10 prints 
total BS and are to be interleaved with your copy of BDAM, Briefs 
on the remaining equipments are still to be published, along with 
some republications and a list of corrections. 

The correspondence between prints and Briefs is, in most cases, 
obvious ( a print of ABBL to bo filed back of the AB3L write-up) . 
Aside fTOm these there are two categories must be listec* 

(1) Prints for which the related Brief is yet to be published, 
and which therefore are to be held and filed later^ 



Print 


Brief to be published 


</■ DEMON 


DEMON 


^ DELTA-DOT-CROSS COUNTER 


FREQUENCY COUNTERS 


v/ HORACE 


FREQUENCY COUNTERS 


y GYP 


GYP 


y HAGETJN G-3S ANALOG 


HAGELIN C-3S ANALOG 


(original) 


HAGEDIN C-3B ANALOG 


HAGELIN C-38 ANALOG 


(serial 5) 


i/HAGELIN WINDOW SETTING 


HAGELIN WINDOW SETTING 


■ 'generator 


GENERATOR 


v/M-9 handtester 


HANDTESTER 


'/JOHN 


JOHN 

MADAME X ' 


✓ MADAME X 


i/Navy BOMBE 


Navy BOMBE 


✓peeler 


PEELER 


''^PLAINTEXT RELAY ANALOG 


PALLY 


PYTHON 


PYTHON 


^TAN KEY GENERATOR 


TAN KEY GMBRATOR 


✓Horizontal differencer 


TAPE COMPARATORS 


jnm. 


VIPER 
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(2) Prints whose title does not correspond exactly to the 
title of the related Brief: 



Print 



Brief 



JUNIOR BRUTE FORCE 
v'.HAGELIN SETTING LOCATION 
C.1 



-DE7ICE 
SINGLE WHEEL 
^-DE\0:CE 



CHAINING 



BRUTE FORCE DEVICES 
GENERAL PURPOSE 100 WIRE 
CONTACT RELAY GATE 
GENERAL PURPOSE 100 WIRE 
'^CONTACT RELAY GATE 
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DS4DN II 
AFSAF 77 
c;:ns 

serial 2 
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DELTA-DOT-CKOSS COUNTER 
AFSAF D56 

one of the zaany FRSQUENC7 COUNTERS 
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HORACE 
AFSAF 116 

(left) with TABULATOR 
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GYP 




(originally 
key C0MBINB2?) 

sturgeon model 
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The original 
AGELIN C-38 ANALOG 
JL05,_ ELECTRICi^ HAGELIN^KilG 

It fniif’i 



iii 



PB 



lu 



I 



L 



f ^RQTH 
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PEijLSR 
APSAF D 109 

(erroneously called HATCHfiS?) 
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« * 4 n 4 



. IPUIN TEXT RELAY ANALOG 
prototype to CHUI*3MY (APSAP D9?A) 
related to: PALLY equipoaent 



: ^ * Z. 
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iw'wrft", ■=* ' 

>UNCH PUNCH 

;able patching 



riw 'im ' 

compare^ compare 

PATCHING CABLE 
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HORIZONTAL DIFFERENCER 




